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FOREWORD 

The SPS s> <tem definition study was initiated in December 19“^6. Part I was completed on May 1 . 
1977. Part II technical work was completed October 31, 1977. 

The study was managed by the Lyndon B Jcrfinson Space Center tJSCi of the National .Aeronautics 
and Space .Administration (.N.ASAi. The Ccmtracting Officer's Representative (COR) was Clarke 
Covington of JSC. JSC study management team members included: 


Dickey Arndt 

Microwave System 

Andrei Konradi 

Space Radiation 


Analysis 


Environment 

Harold Benson 

Cost Analysis 

Jsn Kelley 

Microwave Antenna 

Bob Bond 

Man-Machine Interface 

Don Kessler 

Collision Probability 

Jim Cioni 

Photovoltaic Systems 

Lou Leopold 

Microwave Generators 

Hu Davis 

Transportation Systems 

Lou L Kingston 

System Engineering and 

R. H. Dietz 

Microwave Transmitter 

Jim Meany 

MPTS Computer Program 


and Rectenna 

Siu Nachtwey 

.Mkrowave Biological Effects 

Bill Dusenbury 

Energy Conversion 

Sam Nassiff 

Construction Base 

Bob Gundersen 

Man-Machine Interface 

Bob Ried 

Structure and Thermal 

Alva Hardy- 

Radiation Shielding 


Analysis 

Buddy Heineman 

Mass Properties 

Jack Seyl 

Phase Control 

Lyle JenkiiB 

Space Construction 

Bill Simon 

Thermal Cycle Systems 

Jim Jones 

Design 

Fred Stebbins 

Structural Analysis 

Dick Kennedy 

Power Distribution 



The study was performed by the Boeing .Aerospace Company. The 

Boeing study manager was 

Gordon Woodcock. 

Boeing Commercial .Airplane Company assisted in the analysis of launch vehicle 

noise and o'.erpressu 

res. Boeing technical leaders were: 


Ottis Bullock 

Structural Design 

Don Grim 

Electrical Propulsion 

Vmce Caluori 

Photovoltaic SPS's 

Henry Hilbraih 

Propulsion 

Bob Conrad 

Mass Properties 

Dr. Ted Kramer 

Thermal Analysis and Optics 

Eldon Davis 

Construction and Orbit- 

Frank KOburg 

Alternate Antenna Concepts 


to-Orbit Transportation 

Walt Lund 

Microwave Antenna 

Rod Darrow 

Operations 

Keith Miller 

Human Factors and 

Owen Denman 

Microwave Design 


Construction Operations 


Integration 

Dr. Ervin Nalos 

Microwave Subsystem 

Hal DiRamio 

Earth-to-Orbil 

Jack Olson 

Configuration Design 


Transportation 

Dr Henry’ Oman 

Photovoltaics 

Bill Emsley 

Flight Control 

John Perry 

Structures 

Dr. Joe Gauger 

Cost 

Scott Rathjen 

MPTS Computer Program 

Jack Gewin 

Power Distribution 


Development 

Dan Gregory 

Thermal Engine SPS’s 




The Genera! Electric Company Space Dhision was the major subcontractor for the study. Their 
contributions included Rankine cycle power generation, power processing and switchgear, micro- 
wave transmitter phase control and alternative transmitter configurations, i .moie manipulators, and 
thin-film silicon photovoltaics. 

Other subcontractors were Hughes Research Center- gallium arsenide photovoltaics; Varian- 
kJystrons and klystron production. SPIRE- silicon solar cell directed energy’ annealing. 


■I 



D180-228764 


Th» report was prepared in 8 volumes as follows; 


1 

- Executive Summar> 

V 

- Space Operations 

II 

- Technical Summary 

VI 

- Evaluation Data Book 

III 

- SPS Satellite Systems 

vil 

- Study Part 11 Final Bnefing Book 

IV 

- Microwave Power Transmission 

Mil 

- SPS Launch Vehicle Ascent and Entry 


Systems 


Sonic Overpressure and Noise E ffecis 


iii 
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SPS SYSTEMS DEHNinON STUDY 
Part II Final Report 
Volume 6 

Evaluation Data Book 


1.0 INTRODUCTION 

This volume has been prepared to provide a pennanent record of the actual calculations of mass 
properties, costs, and uncertainties for the Part II final reference designs. The data are presented 
with only the necessary amount of exploratory text. The analysts' original notes have been used 
whenever adequately legible in order to preserve authenticity. 
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2.0 MASS PROPERTIES 

2.1 SIUCON PHOTOVOLTAIC REFERENCE SYSTEM 

This wei^t definition and uncertainty notebook for the photovoltaic reference configuration is a 
supplement to the formal documentation provided in support of the Part 11 final review. 

The weight definition part of this notebook provides weight data to a lower level of detail than was 
presented at the final review. Included in the weight definition are semi-detailed weight summaries, 
weight calculations, drawings and sketches, and results of weight analysis studies. A preliminary 
loads and stress analysis for the critical beams in the basic structural frame is also provided. 

The weight uncertainty part of this notebook provides the base data pertinent to the establishment 
of the satellite weight/size tolerance ellipses. Subjects addressed are 1 ) the variation of satellite 
weight with array planform area, and 2l the effect of tolerances on the weight of the reference 
configuration. 


.Analyst : Bob C onrad 
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TOTAL SOLAR CELL AREA; 97.34 Km^ 
TOTAL ARRAY AREA; 102.51 Km^ 

TOTAL SATELLITE AREA: 112.78 Km^ 
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3.0 COST DATA PAOCAGE 


3.1 iKrrRooucnoN 

The final Pvt II cost estimates utilized the Boeing pafametric cost model and the mature industry 
costing methodoh^ies devek^ied during the study. The procedure used was as follows: 

The Hrst step was to make cost estimates for DDT&E and first unit costs using the parametric cent 
model. 


The parmnetric cost model predicts costs for ty|»cal Mrospace products at typical aerospace pro- 
ductKHi rates on the order of 100 units per year or less. Many of die items in these SPS’s must be 
produced at rdatively hi^ producAm rat« to meet any re^miable S*S iteploymem scenario. 
Hardware produced at high rates empires different tooling cmicepts and different production 
methods, more sanilar to ma& production than typical aero^ace tediniques. Correlations deveh 
oped for a wide varkty of products indkate a productiem rate, cost improvement dope of ^toxi- 
mateiy 70%. Aljusbnents to the PCM results for high production items were made as follows: 

First, a standard hours esthnare of typical aero^ace costs was developed utilizing a typical aero* 
Sf»ce cost improvement sit^ for I.(M0 units. 

(Experience of jetliner production indicates that approximately 1 ,000 units production are required 
to reach the standard hours “predictable by tasks/timeline/headcmmt analyses.) A production rate 
improvement factor is tl^n calculated based <m the ratio of requited annual production rate to a 
typical aerosp^ product valtK of 100 units per year. A production rate nnprovement slope of 
70% was used. 

In certain instances detailed estimates were avadable for manufacturing costs. These were used as 
availa^. 

Total SPS system costs include also costs for space transportation, costs for space construction 
operations, and costs for ground receiving stations. Details of the launch vehicle cost per fli^t esti- 
mating procedure were reported in Volume V of the Part I Final Report. Launch vehicle cost per 
flight is dependent on launch rate. 

Total transportation costs included tran^}ortation of propellants and orbit transfer hardware to low 
Earth orbit, and in addition the c<»t of orlnt transfer hardware (either .nemical orbit transfer vehi- 
cles or seif-power electric orbit transfer system installations depending on construction location). 

Construction costs included the transportation costs for crew rotation and resupply, the crew opera- 
tions support costs and the amortization of construction base c. .s using typical capital facilities 
amortization procedures. Construction base habitats and basic structure were amortized over a 25 
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year period with the construction equipment amortked over an 8 year period. Crew transportation 
costs presumed for the I SPS per year rate, the use of a modified shuttle vehicle at $1 2 millkm per 
night and for the 4 SPS per year rate, the use of an advanced fully reuseaMe shuttle at SS million 
per night. Delivery of propellants to low Earth ortiit for the crew rotation and resupply orbit trans- 
fer vehicles is assumed to occur with the heavy lift launch vehicle at the ^ropriate cost per flight 
figure. Costs for orbit transfer installations for the $elfi>ower case, were derived using the paramet- 
ric cost model with production rate adjustments fw hi^ production itons as previously discussed. 
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3.2 COST ESTIMATING DETAILS 


Table t in the cost data package U a capital cost summary for the (diotovoltaic SPS. it summarizes 
total costs in accordance with the work breakdown structure fcneraily used and indicates source 
data and references further backup tables that provide additional detail. Interest during construc- 
ti<m is add»i to the total costs based on an estimated construction period. Growth is added to pro- 
vide a cost equivalent of the mass growth projecthms developed and the mass uncertainty analyses. 

Table 2 summarizes the mature industry estimate. Table 2 goes to a level of work breakdown struc- 
ture below that of Table 1. iNote that the "other** category from the first part of Table 2 is 
included in the multiple<ommon item in Table 1 .1 The cost calculations for Table 2 support the 
SPS (sateilitei cost values for GEO construction. The SPS \alues for solar cells and multiple- 
common use equipment have been adjusted for the LEO construction case to allow for the mercase 
m SPS size from the reference configuration that was costed. Tlie columns in Table 2 reflect the 
calculation steps in applying the mature industry approach and some of the columns arc not 
directly related to the final cost estimates, .^t the left (with the litlesi. the mass of each costed ele- 
nwnt is indicated and the number of such elements required carried under the number column. For 
example, the costed unit for primary structure was estimated to weign T250 lb. 1 .824 of these units 
are required to make up an SPS structure. "Slope" indicates the learning sloinr used to develop the 
aerospace fully learned unit cost. Cost figures are in thousands For example, the first unit cost for 
one 7250 lb clement of primary structure as estimated by the PCM ineihosl was 2.575 million dol- 
lars. The PCM program predicted a first unit cost including the U aniing for 1824 of these units of 
4? I million dollars. The fully learned unit idown the 85'T curve to 1.000 unitsi would be 
S470.000. This figure compares with the column called "PCM unit cost" which is for the first such 
unit. The next total is simply the ptovluct of the fully learned unit times the number of units 
required. In the ease of the primary structure, the mature industry estimates are taken from the 
detailed manufacturing estimate discussed under enclv>Mire 1 . which follows Fable 4. The mature 
industry cost for pnniarv structure was believed to >iave reached a materials cost plateau such that 
increasing production rate would not decrease cost. Therefore, the eosts for 4 SPS’s per year are 
not less than for one per year. In several of the other dements, however, the cost is production 
rate sensitive. For example, in processors i under attitude control i. 1 2 of tlicse units are required. 
Notice that at this low production rate, the estimated mature industry cost is greater than the fully 
learned aerospace cost since the latter would apply to 1 .000 units. 

The mature industry estimates were developed from parametric cost model runs that used tradi- 
tional aerospace estimating methods. The PCM runs are included as Table 3 for the photovoltaic 
system. Table 4 summarizes the solar cell and blanket estimates that were made. Enclosure I 
describes the detailed manufacturing cost estimate that was made for graphite main structure hard- 
ware. Table 5 presents a reference photovoltaic SPS suminarv weight statement. Table o provivles 
the reetenna cost estimate, TaNes 7 thru 1 1 provide construction base cost and mass data. Table 
1 2 provides an estimate for crew supp^irt costs I those in addition to crew transportation). The 
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space construction crew represents two crews to account for time off duty (90 days in space and 90 
days ofO. with a 10 - inuntin, and provides a crew support staff of ten people for each crew man 
working in space. Table 13 summarizes transr«rtation costs estimated. Table 14 provides the 
mature industry cost estimate for the self*pow>ered orbit transfer system. In this case the system 
costed included mass growth and the mass growth was deleted and the values carried in Table 13. 
Tabic 15 is the parametric cost model run that provides the raw data from which Table 14 was pre- 
pared. Table 16 summarizes crew rotation and resupply requirements. Table 1 7 summarizes the 
calculations of cost growth equivalent to the mass growth determined from the uncertainty anal- 
yses. Table 18 summarizes LEO versus GEO cost differences. Tables 19 thru 27 prov ide a similar 
cost package for the thennal engine system. 
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TABLE 1 

CAPITAL COST SUMMARY - PHOTOVaTAIC SPS (SILICON CR»1) 


MBS # 

ITEM 

SOURCES i REFERENCES 

1 

SW/YR 

4 SPS/YR 




LEO C0N> 
STRUCTION 

GEO CON- 
STRUaiON 

LEO CON- 
STRUCTION 

GEO CON- 
STRUCTION 

1.01 

Solar Power Satellite 


(7442) 

(7190) 

(5587) 

(5378) 

1.01.00 

Multi ple/Comnon 

. Mature Industry Estimate, Table 2 
. Mature Industry Discussion 
. Parametric Cost Model Run. Table 3 

897 

793 

760 

661 

1.01.01 

Energy Collection 

. Solar Cell Costs, Table 4 

0 

0 

0 

0 

1.01.02 

Energy Conversion 

. Solar Cell Cost Discussion, Volume II 

3731 

3588 

2793 

2686 

1.01.03 

Power Distribution 

. Structural Mfg Estimate. End. 1 
. Varlan Analysis of Klystron Production 

138 

133 

82 

79 

1.01.04 

Microwave Power 
Transmission 

. MPTS Error Analysis 
. SPS Mass Estimate, Table 5 A Backup 
. LEO Figures Reflect 5* Oversize 

2676 

2676 

1952 

1952 

O 

1.02 

Ground Receiving Station 

. Rectenna Cost Estimate, Table 6 
. Bovay Studies (JSC Contract ) 

. Raytheon Studies (Various Contracts) 

. Rectenna Optimal Sizing Analysis 

(4446) 

(4446) 

(4000) 

(4000) 1 

2.0 

Construction/ 
Space Support 


(1109) 

(1126) 

(1109) 

(1126) 

2.01 

2.02 

Construction Base 
(Facility Writedown) 

Space Support 

. Writedown Summary, Table 7 
. Facility Mass & Cost Estimates, 

Tables 8 A 9 

Construction Analyses A Base Definitions 
(See Volume V) 

596 

620 

596 

620 

2.02.01 

Staging Base 

. Staging Base Mass A Cost Estimates, 
Tables 10 A 11 

N/A 


N/A 


2.02.02 

Crew Support 

. Crew Support ROM Estimate, Table 12 
. Crew Reqts from Construction Analysis 
(Parts I A II Documentation) 

497 

506 

597 

506 

2.02.03 

Other OPS Support 


16 


16 
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TAOLE 1 

CAPITAL COST SUMMARY - PHOTOVOLTAIC SPS (SILICON CR«1) (CONT) 


WBS # ITEM SOURCES & REFERENCES 1 SPS/YR 4 SPS/YR 

"TnrrtiN- — BTOTII:: — LTOTSTI- ■•GrO“C15Ii: 

STRUCTION STRUCT ION STRUCTION S VRUCTION 


3.00 

Space Transportation 


(6445) 

(9780) 

(4188) 

(6522) 

3.01 

Earth - LEO 

. Numbers of Flights 4 Costs Sunmary, 
Table 13 





3.01.01 

Freight 

. Cost Per Flight Analyses (Parts I 4 II 
Documentation) 

3139 

2415 

2155 

1658 

3.01.02 

Crew 

. Cost Per Flight Discussion, Volume II 

336 

336 

140 

140 

3.02 

LEO-GEO 

. HLLV Operations Studies, Contract NAS 





3.02.01 

Freight 

. OTV Performance (Volume V) 

2816 

6670 

1790 

4482 



. OTS Performance (Part I) 

154 

359 

103 

242 


. OTS Mature Industry Estimate, Table 14 


. OTS PCM Run, Table 15 
. FSTSA Reports (Contract NAS9-14323) 

. Crew Rotation & Resupply Summary, Table 16 
. Crew Duty Cycle Studies (Part I) 

. Advanced Earth Orbit Transportation 
Systems Technology Requirements 
(Contract NASl-13944) 


Interest During Contruction/Transportation Timelines (700 days) (450 days}(566 days) (3C6 days) 

Construction (1864) (1388) (1154) (851) 


Growth . Table 17 

. Uncertainty Analyses (3450) (4034) (938) (1094) 

. FSTSA M^^ss/Cost Growth Correlation 

24,756 27,964 


Total 


16,975 18,971 


9-9£8Ct-08ia 


TABLE 2 

NATURE INDUSTRY ESTIMATE. PHOTOVOLTAIC SPS AND HPTS 





PCM 


FULLY 


MATURE 

NATURE 





UNIT 


LEARNED 


INDUSTRY 

INDUSTRY 


ITEM & MASS (LB) NUMBER 

SLOPE 

COST 

PCM TFU 

UNIT 

TOTAL 

f1 SPS/YR 

M SPS/YR 

mmm. 

P/V SPS 







4.745.750 

3.495.900 


OTHER 








166.971 


HULT/COM 







*37 .278 

564.266 


PRIM STRUC 1, 

,824 

.85 

2.375 

971.550 

470 

857.615 

. .3§9i9Q9 

.J$9a99Q 

50 (Fran 

72501 









Nfr« Est) 

ATT CONT 







152,891 

79,879 


THRUSTERS 110 Lb. 

640 

.85 

1.328 

243.150 

262 

168,260 

66,510 

33.255 

2.082 

PROCESSORS 12.000 Lb. 

12 

.85 

6.248 

51 .550 

1.236 

14,843 

42,648 

21 .424 

655 

STRUCTURE 10.000 Lb. 

4 

.85 

7.505 

25.140 

1.485 

5.943 

25.140 

14.860 

1.637 o 

TANKS 1.130 Lb. 

8 

.85 

1.040 

6.178 

206 

1,647 

5,823 

2,912 

1.420 1 

X INSTRUM. 1 .000 Lb. 

4 

.85 

3.752 

12,570 

742 

2,971 

12,570 

7,428 

8.188 S 

CEtfIB4L.£Wegi£.&QQ.U 

3 

1.0 

7.385 

28.157 

9,385 

28.157 

mm mS mmm 

.-j§a§7 

28,157 

1 


3 

1.0 

24,576 

73.729 

24.576 

73.729 

...7.3iZ?? 

...72,72? 



2 

.85 

12.145 

22.501 



22.501 

mmf^mml^mmm 

22,501 





TABLE 2 (Continued) 


PCM 

UNIT 


ITEM & MASS (LB) 
POWER GENERATOR 

NUMBER 

SLOPE 

CfiSI 

PCM TFU 

SOLAR BLANKETS 


.8 

15.056 

9.945,165 

ARRAY PANELS 1 Lb. 

78.387.000 

.8 

17 


JUMPERS 0.01 Lb. 

78.387.000 

.85 

0.123 


NETWORK 

6.124 

.85 

444 


CATERNARIES 

6.124 

,85 

496 


POWER DISTRIBUTION 

SWITCHGEAR 1.320 Lb. 208 

.85 

3.787 

292,000 

BUSSES IS, 000 Lbs. 

32 

.85 

626 

11,276 

ROTARY JOINT 38.000 Lb. 2 

.85 

9,639 

17,856 


FULLY 

LEARNED 

UNIT 

MAL 

MATURE 

INDUSTRY 

MATURE 

INDUSTRY 

ajK/r 

DOLLAR/ KG 



k?49,6g8 

2.*M)Z07 


3.365 

2,633 

3,588,000 

2,563,00^i 

$35/m2 
6 $2S/m2 

.024 

2.537,800 

16,000 

16,000 

$45/K6 

87 

538,300 

68.786 

68.786 

$25/KG 

98 

601,341 

76,842 

38,421 

$30/K6 

D 



132.856 

78.956 

1 

750 

156,000 

108,000 

54.100 

868 9 

124 

3,966 

7,000 

7,000 

$32 



17,856 

17,856 

$560 



TABLE 2 (Contlnutd) 


ITEM A MASS (LB) 

NUMBER 

SLOPE 

PCM 

UNIT 

COST 

PCM TPy 

FULLY 

LEARNED 

UNIT 

TOTAL 

MATURE 

INDUSTRY 

»i mm 
(2 IIWsT 

MATURE 

INDUSTRY 

DOLLAR/lffl 

MPTS TOTAL (2 Ant) 


(1 Mi»tS) 


(2 i> fs f 

\M\M1 


CHECKOUT A PKO'G 







._§fLfiSSL 

-Jim 


MULT/COM 




llMii 



.JShSm. 

-JiliSU 


PRIMARY STRUC 
(965 Lb.) 

240 

.85 

431 

21 .760 

85 

20.478 

13,218 

6,609 

125 

SEC STRUC (7,137 Lb) 

122 

.85 

2,344 

69,857 

464 

56.613 

51 ,256 

25,627 

129 

ATT CONTROL (1,000 Lb) 

24 

90 

13,278 

124,529 

4.646 

111,515 

201 .736 

111,515 

21,000 ^ 

CENTRAL COMPUTE 
(500 Lb) 

6 

1 

9,385 

28.157 

9.385 

56,310 

56,310 

56,310 

41,000 I 

COMMUNIC (2,000 Lb) 

6 

1 

24,576 

73.729 

24.576 

147,456 

147,456 

147.456 

27,000 1 

POWER OISTRIBUTION 



1.188,068 




..MigSI 


PWR PROC (12,000 Lb) 

456 

90 

3,497 

410,414 

1 .223 

558.000 

261,317 

261 .317 

105 

SWITCHGEAR (660 Lb) 

912 

85 

2,120 

299,137 

420 

382.767 

126,746 

63,373 

464 

THERMAL CONTROL 
(3,600 Lb.) 

456 

85 

3,476 

287.699 

688 

313.800 

146,948 

71,474 

197 



TABLE 2 (Continued) 


ITEM & MASS (LB) 

NUMBER 

SLOPE 

PCM 

UNIT 

COST 

PCM TFU 

POWER DISTRIBUTION 
(7,000 Lbs.) 

456 

85 

2.306 

190.818 

SUBARRAYS 




6.707.654 

STRU'.TURE AND 
WAVEaUIDES 
(685 Lb. ) 

13.864 

85 

323 

368.651 

KLYSTRONS 
(70 KW^p) 

194,112 

90 

S3 

687.240 

THERMAL CONTROL 

194.112 

85 

157 

1,762,474 

CONTROL CRTS 
(11 Lb.) 

194.112 

90 

300 

3,889,287 


FULLY 

LEARNED 

UNIT 

TpTAL 

MATURE 
INDUSTRY 
81 SPS/YR 

MATURE 
INDUSTRY 
84 SPS/YR 

DOLJ.AR/Kp 

457 

208,175 

97,486 

48,743 

67 



^ Mhm. 

K)03.389 


64 

886,534 

258.439 

256,439 

60 

16 

3,600,136 

524,102 

339,696 

Varlan 

Eitlnetes 

31 

6,033,318 

274,000 

274,000 

45 

105 

20,378,131 

462,528 

231 ,264 

477 



Tabit 3A Paramtrlc Coat Modal Output for Photovoltaic SPS 


NO NAHt 


1 TOTAl raOORAH 

e 


1 PROS 1NTI6 I N6NT 
0 


) PHOTOV tPt 
0 


ui 

u> 


A PIT SVS DAO 
0 


S -.JSTAIHINO 
0 


9UI lUNINT NITHOD SOUR- ILINO tUPT OTt MOB NOO HUNBIR iRH 


TO 


CIS PACTORt PROM » % CNPIX 


DOTH tURfl 
OPCOOf- 0 
UNIT fURt 
OPCODf* 0 


DOTAI PACTOR 
OPCODf* I 
UNIT PACTOR 
OPCODf> i 


DDTAt SURI 
OPCODR* 0 
UNIT DUOS 
OPCOOf- R 


DOTtI SUBS 
OPCOOl* 0 
UNIT SUBS 
QPCOOt* 0 


ODTtI PAC UN 
OPCOOC* S 
UNIT H/A 
OPCOOI> B 


DOTSI CIR* 
OPCODI- IB 
UNIT N/A 
OPCODf> a 


0.00 

0.00 

0.00 

O.Ot 

0.00 

0.00 

0.00 

0.00 

o.os 

0.00 


0.00 

0.00 

O.BO 


0 0 0.0 


0 0 0.0 


0 0 B.O 


0 0 0.0 


0 0 0.0 


B B B.O 


0 0 


0 0 


0 0 


COOT 

(0001 


IfOOOitlB 
0 0 11.710.041 


BI.SS4 
TIB. IBS 

I. BIT. 170 
If .OTS.SBO 


110. BIO 
0 0 ll.lBI.Bfl 


StI.ISI 

0 

17.000 


0 SC 0 1 
0 


0 0 


0 



Tabit 3 A (continued) 


tua ILIHINT HITHOO SOUR- IIEMO tUPT OTt HOP MOO NUMRIR LRN 
TO CEi PACTORt PROM X % CHPI.X » 


7 PLT SYS OO&T 
0 


8 SVSTEH TIST 
0 


f SYS TIST 18R 
0 


>10 8R TIST HOHI 


11 PIT TIST HOHI 
0 


II SOPTHARI IN8R 
0 


0 OOTAI PACTO 
OPCODE- 

UHIT N/A 
OPCODE- 


i DOrtL SUBS 
OPCOOI- 
UHIT ll/A 
OPCOOI- 


a DOTH CIRI 
OPCOOI- 1 
UHIT H/A 
OPCOOI- 


B OOTII PAC 
OPCODE- 
UNIT N/A 
OPCOOI - 


a DOTH PAC 
OPCODE- 
UNIT N/A 
OPCODE- 


a oom CER« 

OPCODE- 1 
UNIT N/A 
OPCODE- 


0 0 0.0 


0 0 0.0 


0 0 a. a 


a a a. a 


a a a. a 


0 a 0.0 


. D1S0-; 



MANI 


COST 

tOOO) 


NO 


Table 3A (continued) 

swi ttCNINT NflHOO SOU*- aLINO SUeT OTt HOD NOD NUNDCt LIN 
TO CCS lACTOM MOH % % CHILX N 


11 CSC 

0 


1 DOTS! FACTOI A 

OPCODC* I 
UNIT FACTOI 4 

OPCODE* 2 


0.10 000 0.0 

0.10 0 I 100 


41. IDS 
e44,SCI 


14 TOOLING 
0 


3 OOTIC FACTOI 4 

OPCODE* 3 
UNIT N/A 0 

OPCODE* a 


0.2S 


0.00 


0 

0 


0 0 0.0 


0 0 


ise.seo 

0 


IS ASSV 0 C/0 
0 


3 ODTCC N/A 0 

OPCODE* a 
UNIT FAC UN 4 
OPCODE* 3 


0.00 0 00 0.0 

0.07 0 00 


0 

04«,t4| 


14 NUIT/CON 
0 
KJ\ 

Ut 


4 DOTAC tUOS 0 

OPCODE* 0 
UNIT SUDS 0 

OPCODE* 0 


0.00 0 0 0 0.0 

0.00 0 DO 


110. *40 
1.413.034 


17 PITH STIUCT 

7350 IDS 


10 OOTOE CEO 1 

OPCODE* 1 
UNIT CEI 44 

OPCODE* 1 


1.00 30 0 0 0.0 

1.00 4f 1014 04 

ABOIEOATID VALUES 


4.3S4 


3.37S 

97I.SSO 


14 DDT4C SUSS 0 

OPCODE* e 
UNIT SUDS 0 

OPCODE* 0 


0.00 0 
0.00 


101. 4S3 


10 ATT CONTIOL 
0 


0 


0 0 0.0 


0 0 


310. SO* 


^ro ••vox:# 

OF POOfi QUALITS6 



Table 3A (continued) 


HO N«Hr 

SUB 

cLCHENT NfTMOt 

SOUR- 

BLEND 

SUPT 

OTS 

HOD 

HOD NVnSER IRN 

COST 



TO 


CES 

PACTORS 

PRON 

% 

« 

CHPLR k 

iceoi 

1* THKUSTCRS 


18 

00T2E CER 

21 

1.00 

31 

0 

0 

0.0 

8.321 

no 

LBS 


OPCODE- 
UNIT CER 

it 

t.OO 

4S 



t40 B4 

1.328 




OPCODE- 






ABBREOATEO VALUES 

243.150 

20 PROCSSSOrS 


IB 

DDTSE CER 

14 

1.00 

31 

0 

1 

S.B 

43.224 

12000 

LBS 


OPCODE- 
UNIT CER 

8* 

0.20 

4S 



12 04 

4.248 




OPCODE- 






AOBREOATED VALUES 

SI. 550 

21 STRUCTURE 


13 

ODTtE CER 

2 

1.00 

30 

0 

0 

t.e 

30.t3f 

10000 

LBS 


OPCODE - 
UNIT CER 

47 

1.00 

4S 



4 04 

7, SOS 




nPCOOE- 

« 





AOBREOATtO VALUES 

25.140 

22 TANRS 


IS 

DOTtE CER 

2 

1.00 

30 

0 

0 

t.e 

4. 047 

mo 

LBS 


OPCODE- 
UNIT CER 

47 

1.00 

4S 



8 B4 

1.040 




OPCODE - 






AeOREOATID VALUES 

4.178 

23 INSTRUN 


IB 

OOTSE CER 

IS 

1.00 

31 

0 

0 

0.0 

13.000 

1000 

LBS 


OPCODE- 
UNIT CER 

• 0 

1.00 

4S 



4 04 

3.7S2 




OPCODE - 






ABOREBATED VALUES 

12.570 

2« CENTRAL CONRUTE 

U 

ODTtE CER 

If 

l.DO 

31 

0 

fO 

S.O 

43.S2S 

500 

LBS 


OPCODE- 
UNIT CER 

44 

1 .00 

45 



3 IBO 

0 .388 




OPCODE- 






ABBREBATED VALUES 

28.1S7 







Tabic 3A (continued) 

NO 

NAKf 

tut IIININT NITHOO SOU*> aifND tUPT 
TO CIS PACTOtt PRON 


23 COKNUNIC 


10 DDTti CIO 


10 

1. 00 

SI 

2000 

las 

OPCODI- 
UNIT CEO 

1 

41 

1.00 

43 



OPCODE- 

1 





24 PUO 6IN 

4 D0T4E tUOS 

0 

0.00 0 

0 

OPCODE- 0 




UNIT SUOS 

0 

0.00 0 


OPCODE- a 




27 

SOLAR OLANRETS 

24 

OOTSS SUOS 

0 

0.00 

0 


0 


OPCbOE- 0 
UNIT SUOS 

0 

0.00 

0 




OPCODE- 0 

























26 

ARRAY PANELS 

27 

00T4I CER 

24 

1.00 

so 


10.73 SO PT 


OPCODE- 1 
UNIT CER 

71 

0.10 

43 




OPCODE- 1 





29 JUMPERS 


27 DDTtf CER 


IS 

1.00 

so 

0.01 

LOS 

OPCODE- 
UNIT CER 

1 

37 

1.00 

43 



OPCODE- 

1 





30 NETUORK 


24 DOTSE CER 


1 

1.00 

SO 

1000 

LBS 

OPCODE - 
UNIT CER 

1 

44 

1.00 

43 



OPCODE- 

1 





OTS 

NOD 

HOD NUHBER IRN 

COST 


% 

x 

CNPIX X 

1000) 


0 

90 

3.0 

49,429 




S 100 

24,174 




AOOREOATEO VALUES 

71,729 


0 

0 

0.0 

S,93S 




0 0 

9,324,210 


0 

0 

0.0 

S74 




4124 79 

13,710 




AOOREOATED VALUES 

0,331,042 


0 

0 

0.0 

273 




12000 79 

17 




ASOREOATEO VALUES 

13,404 


0 

0 

0.0 

0 

p o 
•»»» 



12000 04 

0 



ASOREOATEO VALUES 

224 

If 

0 

0 

0.0 

1,04S 

f j 



4124 04 

444 




ASOREOATED VALUES 

440.414 

3bi 




Table 3A (continued) 


MO 

NAME 

SUB tlENENT 

METH09 SOU«> 

BLEMO 

SORT 

OTS 

HOD 

HOD NUMBER 

IRN 



TO 

CCS 

EACTORS 

FROM 

« 

% 

CHRLX 

% 


s: 

CATCRNARIES 

tA 

DDTAE CER 


t 

1.00 

so 

0 

0 

0.0 


SCO IBS 


OPCODE ■ 
UNIT CER 

1 

47 

1.00 

AS 



Alt4 84 




OPCODE* 

1 






AOeREOATEO VALUES 

St 

PUR OISTR 

4 

00T8C SUBS 


0 

0.00 

0 

0 

0 

0.0 


0 


OPCODE* 
UNIT SUBS 

0 

0 

0.00 

0 



0 0 




OPCODE* 

0 







ss 

SM1TCH6EAR 

St 

OOTAE CER 


14 

1.00 

so 

0 

so 

s.o 


IStO LBS 


OPCODE- 
UNIT CER 

1 

5* 

1.00 

4S 



tOB 84 

a. 



OPCODE* 

1 







Ul 

00 










AOeREOATEO VALUES 

34 

BUSSES 

St 

DDTAE CER 


1 

0.10 

a* 

0 

0 

0.0 


15000 LBS 


OPCODE- 
UNIT CER 

1 

4A 

0.10 

4S 



St 84 




OPCODE* 

1 






AOeREOATEO VALUES 

S5 

ROTARY JOINT 

St 

DDTAE CER 


t 

1.00 

t* 

0 

0 

0.0 


SaOOO IBS 


OPCODE* 
UNIT CER 

I 

4A 

1.00 

4S 



t 04 




OPCODE* 

1 






ACeREOATEO VALUES 

34 

ANTENNA YORE 

4 

DDTAE CER 



o.*o 

t* 

0 

50 

S.O 


13800 LBS 


OPCODE* 

1 

S 

0,10 








UNIT CER 


47 

o.*o 

4S 



t 84 




OPCODE* 

1 

50 

0.10 






ASeREQATCD VALUE* 


COST 

lOOOl 


E.Sl 

SIS,* I 

*«,8A 

m.iA 


A, At 
S,7B 
ttt.Ol 


At 

11, t7 

*0,75 
*,AS 
17, 8S 

1A,7> 
It. 14 


D 


zt.so 



159- 


NO 


KAKf 


Table 3B Parametric Cost Model Output for Transmitter 

twa (LtNIMT HfTHOO SfiUI- aLIND SUrt OTf M0O HOD NVHtKt ItN COST 

TO CCS ^ACToat Faon % % chi>lx k (eoo> 


1 TOTAL raOCaAM 

a 


2 rto6 INTIG a nenr 
0 


3 niCPOIlAVC PTS 
0 


4 FLT SVS Dto 
0 


S KULT^COKHON 
9 


i aaiKARV STRUC 
f&S LBS 


a 

ftOTic tuas 

a 

a. 00 

a 

0 

0 

o.a 

3.237.T3S 



OPCODE* 0 
UMZT suas 

a 

0.00 

0 



0 0 

*t7ts.saa 



OPCODE* 0 









1 

OOTSE FACTOa 

3 

o'. 04 

0 

0 

0 

0.0 

43.001 



OPCODE* 2 
UMIT FACTOR 

3 

0.04 

a 



a a 

524.270 



opcooe* 2 










OOTtE SUDS 

a 

e.eo 

0 

t 

0 

a. a 

1.174.431 



OPCODE* 0 
UNIT SUBS 

a 

0.00 

0 



a a 

7.137.322 



OPCODE* 0 









3 

DOTtE SUSS 

a 

o.ao 

0 

0 

0 

0.0 

200.771 



OPCODE* 0 
UHIT SUDS 

a 

0.00 

a 



a 0 

0.213.737 



OPCODE* 0 









4 

DOTSE SUBS 

a 

0.00 

0 

0 

0 

o.a 

213.013 



OPCODE* 0 
UNIT SUBS 

a 

O.GO 

0 



0 0 

110.011 



OPCODE* 0 









5 

OOTtE CCR 

1 

l.OO 

30 

0 

0 

0.0 

1.032 

9 9 


OPCODE* 1 
UNIT CEE 

44 

1.00 

4S 



ita 04 

431 


OPCODE* 1 
















A66RE6ATE0 VALUES 

21.740 



C 

C .*1? 

t * 

►<f 1 ^. 


/ 


9^8CZ'WIO 



Table 3B (continued) 


NO 

NAHE 

SUB 

ELENENT HETHOO 

SOUR- 

BLEND 

SUPT 

0T5 

HOP 

NOD NUNOER IRN 

COST 



TO 



CES 

PACTORS 

FROM 

X 


CMPLX % 

tOOOl 

7 

SECONOARV STRUC 

5 

ODTEE CER 


• 

1 

1.00 

10 

0 

0 

0.0 

6,266 


71 J7 LBS 


OPCODE* 
UNIT CER 

1 

«« 

1.00 

65 



61 86 

2.166 




OPCODE* 

1 






A66RECATED VALUES 

69,857 

8 

ATTITUDE CONTROL 

5 

OOTtE CER 


23 

1.00 

11 

0 

0 

0.0 

17,206 


ICOO LDS 


OPCODE- 
UNIT CER 

1 

67 

1.00 

65 



12 Bf 

11,270 




OPCODE* 

1 






AC6RECATED VALUES 

126,529 

9 

CENTRAL COHRUTE 

S 

OOTtE CER 


17 

1.00 

11 

0 

1 

5.0 

72,756 


500 LBS 


OPCODE- 
UNIT CER 

1 

66 

1.00 

65 

• 


1 100 

9.185 




OPCODE* 

1 






A66RESATE0 VALUES 

28,157 

10 

CONHUNIC 

5 

OOTtE CER 


It 

1.00 

11 

0 

0 

5.0 

116,556 


2000 LBS 


OPCODE- 
UNIT CER 

1 

61 

1.00 

65 



1 100 

26,576 




OPCODE* 

1 






AOCREGATED VALUES 

71,729 

11 

RHR DISTR 

A 

OOTtE SUDS 


0 

0.00 

0 

0 

'0 

0.0 

56.680 


0 


OPCODE* 
UNIT SUBS 

0 

0 

0.00 

0 



0 0 

1,188,070 




OPCODE* 

0 








12 

PHR PROC 

11 

OOTtE CER 


16 

1.00 

10 

0 

0 

0.0 

15.215 


12000 LBS 


OPCODE- 
UNIT CER 

1 

5* 

0.10 

65 



228 B5 

1,697 




OPCODE* 

1 






AOCREGATED VALUES 

610.616 


I 


9^48tt-08ia 



NO 


Table 38 (continued) 

MAKE sua CLEHENT HETHOD SOUt- aiENO 6UPT OTS NOO NOD NUNIEK LEN COST 

TO CC?i FACTORS FROH * X CNNLX X C000» 


11 

SNITCHOEAR 


11 

OOTSE CER 


14 

1.00 

2t 

0 

0 

0.0 

1.215 


E50 

LBS 


OPCODE- 
UNIT CER 

1 

59 

1.00 

AS 



ASS BA 

2.120 





OPCODE- 

1 






AOBREBATEO VALUES 

2**. 117 

lA 

THERKAL CONTROL 

11 

DOTtE CER 


9 

1.00 

10 

0 

c 

0.0 

12. ISA 


lAOO 

LDS 


OPCODE- 
UNIT CER 

1 

SA 

1.00 

AS 



220 BA 

1.A7S 





OPCODE- 

1 






ACOREGATEO VALUES 

2BT.S9* 

15 

PUP OISTR 


11 

ODTSE CER 


1 

1.00 

2« 

0 

0 

0.0 

S.BS2 


7000 

LBS 


OPCODE - 
UNIT CER 

1 

At 

1.00 

AS 



22B BA 

2.10S 





OPCOOE- 

1 






AGGREGATED VALUES 

190. BIS 

li 

SU8ARRAVS 


4 

ODTSE SUBS 


0 

0.00 

0 

0 

0 

0.0 

I0.A9S 


0 



OPCODE- 
UNIT SUBS 

0 

0 

0.00 

0 



ST12 BA 

S.89S 





OPCODE- 

0 






aggregated VALUES 

S.707.SSA 

17 

STRUCTURE 


1« 

DOTtE CER 


1 

1.00 

10 

0 

0 

0.0 

7SB 


iBS 

LBS 


OPCODE- 
UNIT CER 

1 

AS 

1.00 

AS 



1 100 

121 





OPCODE- 

1 








IB 

KLYSTRONS 


IS 

OOTIE CER 


?1 

2.00 

10 

20 

0 

0.0 

t.BtO 


70 

KHRF 


OPCODE- 
UNIT CER 

1 

87 

2.00 

AS 



IS BY 

51 





OPCODE- 

1 






AGGREGATED VALUES 

SOI 
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Table 3B (continued) 


NO 

NAME 

SUB 

ELEMENT METHOD 

SOUR- 

■ LEND 

SUPT 

OTS 

MOO 

HOD NUMBER IRN 

COST 



TO 



CES 

FACTORS 

FROM 

X 

X 

CMPLX X 

(OCOl 

If 

THERM CONT 

1« 

DDTAE CER 


» 

1.00 

31 

0 

0 

0.0 

425 


70 LBS 


OPCODE- 
UNIT CER 

1 

54 

1.00 

45 



15 84 

157 




OPCODE- 

1 






AG6RECATED VALUES 

1.545 

20 

CONTROL CRTS 

14 

DOTSE CER 


23 

1.00 

31 

0 

0 

0.0 

2.247 


11 LBS 


OPCODE- 
UNIT CER 

1 

A8 

1.00 

45 



15 B» 

300 




OPCODE- 

1 






ACORECATED VALUES 

3.418 

21 

ASSY A C/0 

3 

ODTCE N/A 


8 

0.00 

0 

0 

0 

0.0 

0 


0 


OPCODE- 

8 











UNIT TAC 

UN 

4 

0.05 

0 

' 


0 0 

410.487 




OPCODE- 

3 








22 

TOOLING 

3 

OD'AC FACTOR 

4 

0.10 

0 

0 

0 

0.0 

45.343 


0 


OPCODE- 
UNIT N/A 

2 

0 

0.00 

0 



0 0 

0 




OPCODE- 

8 








2S 

SYSTEM TEST 

3 

DOTtE SUBS 


0 

0.00 

0 

0 

0 

0.0 

355.005 


0 


OPCODE- 

0 











UNIT N/A 


0 

0.00 

0 



0 0 

0 




OPCOOE- 

8 








24 

SYS TEST LABOR 

a 1 

DOTAE CERK 


4 

0.00 

0 

0 

0 

0.0 

154.811 


0 


OPCODE - 

12 

34 

0.00 









UNIT N/A 


0 

0.00 

0 



0 0 

0 


OPCODE* 8 
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Tahit 36 (continuad) 


HO 


HANC 


2} C* ttST HDHI 
0 


it FIT TIST HONE 
0 


27 SC « 1 
0 


28 SUSTAINING 
0 


29 Fir SYS DOIT 
0 


SO SOFTHACC CN6* 
0 


SUS IIININT NfTHOO S0U8* SLINR tU 
TO Cft FACTOai FR 


21 


DDTtr FAC UN 
OFCODE* 1 
UNIT H/A 
OFCOOC* 8 


21 DDT8E FAC UN 
OFCOOE* 

UNI r N/A 
OFCOOCa 


DDT8C CCRa 
OFCODE* 1 
UNIT N/A 
OPCODE* 


DOTtC FAC 
OPCODE* 
UNIT H/A 
OPCODE* 


UN 


0 DOTtC FACTOl 
OPCODE* 

UNIT H/A 
OPCODE* 


ODTIC CCR* 
OPCOOC* I 
UNIT N/A 
OPCODE* 


A 

12 

0 


A 

2A 

27 

0 


2* 

17 

0 


0.01 

0.00 

0.01 

0.00 


0.00 

o..'n 

0.00 


0.01 

0.00 


1.00 
1.00 
1.00 
a. 00 


0.00 

0.00 

0.00 


T OTt HOD HOC NUHilfl ION 
IN N N CHPIK n 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 


0 0 


0 0 


0 0 


0 0 0.0 


0 0 


0 0 


COOT 

10001 


01,117 

0 

• 1,117 

0 

tl.AIO 

0 

tat.iii 

0 


0 

0 

ltO,Sil 

0 



Table 38 (continued) 


ID 

NAME 

sue 

llEniNT nCTHOO SOUR- 

■ IIHD 

8URT 

OTS 

HOD 

noo HunaiR 

IRN 

COST 



TO 

CES 

RACTORS 

RROn 

R 

« 

CHPIX 

91 

(ono) 


31 esc 

3 eOTSC CCR« 


0.00 

0 

0 

0 

0.0 


St 

0 

ORCOCE* 12 

sa 

o.co 








UNIT r actor 

4 

0.10 

0 




t 100 

tit 


OPCOOF> 2 
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TASLE A 

SOLAR CEU/BLAWtfT COSTS 


)} J. S«u 9 «r's N«turt Industnr CorrtUtlon 

a< to 17«/Mitt • U.«0 to 2B.fO/¥p (C#n$ Only) 

• li.OO to $1^ (Arroy RantU) 

Z) Nanufaeturcrt E$t1«atas 

\Qt to mmtt (C«1U Onty) 

• n.OO to 4>.50/M^ (C#1U Only) 

■* $?5.00 to $50/11^ (Array PanoU) 

3) ProdiKtIon Rato 

Today $10,000/r for 50 k*. 

Than (UeofSO)*’^^ • .001? * W.OOO (?0t Curvo) 

• $1?.00/H‘ 

Enor^y Cost * $17/?r for S34/M‘ # 1 SPS/YR 

4) Oerwun's Est1»ato - W* (M#dian> 

Avera 9 e of th«st valuas is S35/T<' # I SPS VR; 
us« $25/M‘ for 4 SPS/YR 


io5 
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ENCXOSURE I 


Manifactimi^ Aiul>'as~TemstiiiC FirtmcaHoa of Frim.*?)' Smtcime Smil AnemMies 

Our reference structure fabricalHMi concept hac prt^wsed use of lOM tapered strut segments (20M 
sinit assemMiesi as the basic hemn construction building block . In this approach, a highfv auto- 
mated terrestrial factws' nhich produce strut segments on a mass production basis and paclu^ m 
lu^ densit) magazines for iranspc>rt to the LEO ccmstmction base. 

During this period we e.xp»ided our anrissis to include a brief look at factm>' manufacturing 
processes and non-rccumng facility and tooling needs to sustain a "ihruput"' of one year. 
Specilk t^ja'uves were to ai gain a better understanding of rate rrocessi*^ requirements and to 
recie* producibility of the proposed tapered strut design: b» identify production rate "diem fall’' 
hi^ risk areas: and c » test «»ur mature indisiry estimate for primary secondary structure. 

Martoe Process Center ConcriM 

We subjected ilie strut dcsipi. ami a -di^tiy modineJ derbative. to step by Mep mwuficturing 
process plan analysis. With a reasonably detailed piocessing plan indtand we then established the 
"process flow limiters" for cich operatiwi or privess slit* ti-r- feed and ^*eed achrevabk for that 
process using ihal mateiiali wbkh case us a reasonable feci few the effecibe \ lehl of c^h process 
step 8\ applying the annual strut segment rate to produce one SPS per year 1 1 .4 X l(^ strut 
habesi we were then able to size the machine took, special t(K*line. material consumption facility 
needs, etc. 

Two mass production niaiiulactunng coiwepts were csaUiated Tlie first, generally referred to as the 
"Machine Process Center Concept .” assumes design s«f special purpose machine tools (process 
ccnicrsl that cssentully fahncale a compleicd pari frtwi raw maleriiis. i e.. beam Niikier or auto- 
moiivv bkvk processing type centers. In thi> case, complete inicclKm molded end fittings and 
iinisit machined center fittings are lojdeil iuio the processing center and tension winding, curing. 
NDT inspection, etc.. sU'ps arc ail conipL leJ wiliiin the center with center operation sequenced by 
\.C, program. The second pnvess exaUtalcd was a typical “Prtvess Siatnm Flow-thru Ctmcepl" 
wherebx each successne process sup is accomplislicd by special purpose in-line (assembly line 1 
niachii’e tools Each machine tool (station Ms connected by appropriate transfer equipment with, 
buffer storage between stations and multiple stations added at “process flow limiter*" (bottleneck) 
positions. Specifle features of each of these concepts are presented in Tables F-i and E-2. Figure 
F-1 illustrates the process flow for the assembly line concept- 
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TaMt l-\ 

Primary Stmctara ProAietlMi CeacifM 
0|H 1:HacMMProc«iCMMf 





• STRUT eNO FiniNG: (Gr/THERMOPLASTIC) INJECTION NOIDCO NET IN MULTI CAVITY MOLDS 

• CENTER JOINT; (707S ALUM) CLOSE TOL DU FORGING WITH FINAL SIZING ACCOMPLISHED ON SPECIAUZEO NC 

TURNING MACHINE STATIONS 


• STWT TUBE ASSEMBLY 

• LARGE 8 TURRET TURNING CENTER SEQUENCES PARTS IN 4 PROCESS STAGES 

• STAGE 1 COOL DOWN, LOAD FITTINGS. APPLY FILM ADHESIVE I PARTING FILMS 

• STAGE 2 CIRC WINDING 

• STAGE 3 OEBULK & CURE 

• STAGE 4 NOT, PART REMOVAL. TOOL CNANGEOUT/REPAIR 

• 2 MIL TAPE (13MM WIDE BY CONTINUOUS) TENSION WOULD » ISO RPM 

• B SPOOL (4 PAIRS) TAPE LAYING WITH 4.7M/MIN YIELD/tAYER (STRUT CCMP. 3.6 MIN) 

• TAPE WILL B£ "6* STAGGEU Gr/E TO SHORTEN CURE (MICROWAVE) 

• COCURRING OF END FITTIX 6 STRUT TUBE 

• PROCESS CENTER YIELU 30 PARTS/HR (THRUPUT 16 MIN/PART) (NEED 10 CENTERS) 

• AUTOMATED NON-DESTRUCTIVE INSPECTION (NOT)- INCLUDES LIMIT LOAD STATIC TESTS 

• PLANT AREA NEEDS 80-1Q0«C SQ/FT INCLUDING REFRIG STORIES. MAT‘L STAGING MACHINE CENTERS. RUK CENTER 

• TOOLING— APPROX 600 TOOLS INCL NC MASTERS FOR TURNING MANDREL FABRICATION 

• ONE 7S0-1000 TON PRESS WITH 8-10 CAVITY MOLD-COOL DOWN t SCARF REMOVAL STATIONS IN PROCESS LINE 

• STATIONS WILL ACCEPT DU PRE-FORMS VIA CENTER FEED TRANSFER SYSTEM-CARBINE MULTI-SPlNDLE CUTTING 
STATIONS FOR TURNING. 6 GANG MILL FINGER CUTS-MACHINE YIELD 16-20/HR-19 STATIONS REQUIRED. 
PROCESS STATION IN LINE FOR NOT. HEAT TREAT. ANODIZE. cTC. 



Tabk E-2 

Primary Structurt Produrtloii Conctpt 
Opt 3: Proccaa Slarton Flow<Thni 


STRUT END FITTING & CENTER JOINT: (BOTH Gr/THtRMOPLASTIC)- INJECTION MOLDED NET IN MULTI 

CAVITY MOLDS-SAME AS OPT 1 

STRUT TUBE ASSEMBLY 

• SPECIAL PURPOSE MACHINE STATIONS WITH FLOW THRU TRANSFER SYSTEM-BUFFER STORAGE 
BETWEEN STATIONS S PARTS CROSS TRANSFER AT MULTI POSITION STATIONS 

• 2 MIL TAPE (13MH WIDE BY CONTINUOUS-TENSION WOULD G •• 180 RPM) 

• KEY WINDING STATIONS INCLUDE 

• 4 STATIONS CIRC WINDING POSITIONING FABRIC S INNER KEYLAR 

• 4 STATIONS LAYING O’’ 6r/t GORES {PRECUT A FORMED) 

• 4 STATIONS CIRC WINDING 90° KEVLAR OVER-WRAPS 

PRODUCTION LINC YIELD 90-92 PARTS/HR (3 LINES REQUIRED) 

AUTOMATED NON-DESTRUCTIVE TESTING (NOT) -SAME AS OPT 1 
PLANT AREA NEEDS 60-70K SQ/FT TOTAL 

TOOLING: APPROX 400 TOOLS-MORE MANDRELS THAN OPT 1 BY ELIMINATE TURNING TOOLING 




FInrt E>1 

Stmt Tub* ProcMi PlowThni 



FacOtty Concept 




WORK STATION 
TASK DESCRIR. 

1 LOAD FITTINGS 

2 INNER CIRC WIND 

3 CENTER GORE LAY 

4 VACUUM OEBULK 

5 OUTER CIRC WIND 

6 VACUUM OEBULK 

7 MICROWAVE CURE 

8 REM OEBULK TOOL 

9 POSTCURE 

10 MANDREL REMOVAL 

11 NOT-ANALYZER 

12 NOT-STATIC LOAD 

13 FINAL ASSY 

14 TOOL COOLDOWN 

15 TOOL CHANGE/REPAIR <4- 

16 GORE TAPE PREP 

17 GORE LASER TRIM 

18 REAPPLY CARRIER 

19 INDUCTION HEAT 

20 CONTOUR ROLL 


LINE 1 

SIZING Oi*»A; 

92 PAR^S/HRA.INt 

19 MINU'. ES TO *^H«UPUT tSTA. 1-13J 

2.6 MINUTES MAX STATION 


MAGAZINE LOADING, PACKAGING li DISBUfttEMiNT 


TNANIPOflT 

I^NISHEOPmXHICT 


:: s 



# 

ia , 

CENTRAL 

rp 

11 Q-l 7 ' 

REWORK/ 


^ ,0 X«EJ*CTS 

REPAIR 

REJECTST 

rl A X 


X X X 


REPROCESS 

REPAIRED 

PARTS 



•♦•A 
LINE 4 



PUNCHING 

ROOM 


SUBPEEDER 

STAGING 

I 


INJECT 
MOLDING 
ROOM 


RSPRtO 

ISTORSS 


MATL*S 

RBCVQ, 

DHiURi.1 


DI8S>: 




Dl8»-2»7»4 


Tte results of our studies ck»iy' ^ow that production rates of 300 strut sepnents per hour (3 
shift/5 day b^iare e»ly beliesa^ with modest acm>recurrii% investment uang current 
available aerospace processmg technique. No high risk or long lead process development tasks were 
identined. Table E-3 provides aimmary costing data on the strut sepnent alternate desrgn/process- 
ing approaches reviewed. Our detail manufacturing plan analysis has confirmed that the mature 
indtKtry c<^ estmate of S5S/kg (now year dollatsi for tenearial fabrication of primary/siKondary' 
structure is credible. We do, in fact, believe further design/process producibility efforts will yield 
even knmr prhnaiy structure co^ 
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Ttbh E-3 

Cotl AnaMi Suimnaiy 

(^S) 


• MACHINE PROCESS CENTER (ORIGINAL STRUT DESIGN) 

NON'RECURRING; ($60 x 10^ FACILITY. 2.6 x 10^ TOOLING) $62.6 x 10^ 

RECURRING: 


MATL 

LABOR 


617.20 

22.90 


(I?) 


AVERAGE COST-OPT 1 PLAN [R * (NR/8 YRS)] 
PROCESS STATION FLOW THRU (MODIFIED DESIGN) 
NON-RECURRING 
RECURRING: 


$640/20M STRUT 
$57.87/kf 


($55 X 10® FACILITY, 2 x 10® TOOLING) 


$57 X 10® 


MATL 506.20 / 96t\ 

LABOR 20.10 V 4%/ 

AVERAGE COST--OPT 2 PLAN [R + (NR/8 YRS)] 

• PRIMARY STRUT MATURE INDUSTRY ESTIMATE 


S527/20M STRUT 

$47. 58/kg 
$55/kg 
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TABLE 5 

REFERENCE PHOTOVOLTAIC T S 
SUMMARY WEIGHT STATO«ENT 
(Weight in Kilograms) 


1.0 SOLAR ENERGY COLLECTION SYSTEM 51,782,300 



1.1 

Primary Structure 

5,385,000 



1.2 

Secondary Structure 

1 



1.3 

Mechanical Rotary Joint 

66,800 



1.4 

Maintenance Station 




1.5 

Control 

173,100 



1.6 

Instrumentation/Communications 

4,000 



1.7 

Sci'r Cell Blanket-' 

43,750,000 



1.8 

So.. ■ Concentrators 




1.9 

Power Distribution 

2,398,400 


2.0 

MICROWAVE POWER TRANSMISSION SYSTEM 


25,212,200 



(TOTAL - LESS GROWTH) 


(76,994,500) 

3.0 

WEIGHT GROWTH ALLOWANCE - 26.6% 


20,505,500 



(TOTAL - WITH GROWTH) 


(97,500,000) 


1 Distributed to other WBS items. 
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TABLE 6 

RfcCTENNA NOMINAL COST ESTIMATE 0 1 SPS/VR 


BEAM DIAMETER 13 KM 

RECTENNA INTERCEPT DIAMETER 9.36 KM 0 95J EFFICIENCY 

RECTENNA GROUND AREA = 1.535 x lT/4 x 9.75^ = 105 KM^ 

RECTENNA PANEL AREA - 68.8 KM^ 

TOTAL CONTROLLED AREA (LAND AQUIS) » 204KM^ « 5D.400 ACRES 


WBS 

ITEM 

ESTIMATING FACTOR 

NUMBCR 

COST .MILL IONS 

1.02 





1.02.00 

Mu It /Common 




1.02.00.01 

Land 

$5, 000/Acre Acquis i Prep 
$10/M^ 

50,400 Acres 

252 

1.02.00.02 

Prim Structure 

68.8 KM2 

688 

1.02.00.03 

Control 

$1 ,000/Subunit 

500 Subunits 

0.5 

1.02.00.04 

Commun 



50 

1.02.01 

tnerqy Coll/Conv 


A 

1.02.01.00 

Support Str/6nd Plane 

$3/M‘^ . 

68.8 KM“^ 

206 

1.02.01.01 

Dipole/Oiode/Filter Units 

0.08 Ea 8 70 CM'^/Element 

0.983 X lOlO 

787 

1.02.02 

Power Distr. Sys. 



1.02.02.01 

Busses 

Satellite Value 

A.SFx 1Q6 KWe 

7 

1.02.02.02 

Processors 

$50/KWe 

233 


T:m 


= 4,446 for 2 
Rectennas 


9-94KZ-08IQ 
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TABLE 7 


CONSTRUCTION BASE WRITE DOWN SUMMARY 
PHOTOVOLTAIC SPS 
LEO CONSTRUCTION 


Item Cost 

(Millions ) 


Amortized Over Cost/SPS 

(Millions) 


LEO Base 


Facility 

3465 

Facility O/H 

1629 

Constr. Equip. 

1310 

C.E. O/H 

616 

GEO Base 

Facility 

380 

facility O/H 

179 

Constr. Equip. 

425 

C.E. O/H 

201 

LEO Base 

Transport 

625 

GEO Base 

Transport 

137.5 


25 years 

139 

25 years 

65 

8 years 

164 

8 years 

77 


25 years 

15 

25 years 

7 

8 years 

53 

8 years 

25 

15 years 

42 

15 years 

9 


596 
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ITEM 


LEO 

Staging Base 

Facility 
Facility Wrap 

Equipment 
Equipment Wrap 

GEO Construction 
Base 

Facility 
Facility Wrap 

Equi pment 
Equipment Wrap 

LEO S/B 

Transportati ',.1 


GEO C/B 
Transportation 


TABLE 7(0onfd) 


Cost 


Cost/SPS 

(Millions) 

Amortized Over 

(Millions) 

• 


650 

25 years 

26 

304 

25 years 

12 

135 

8 years 


61 

8 years 

2 


3610 

25 years 

144 

1690 

25 years 

68 

1555 

8 years 

194 

730 

8 years 

91 

37.5 

15 years 

3 

1125 

15 years 

75 


620 
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TABLE 8 

P/V CONS! BASE COST SUMM 
(FIRST SET) $M 


LEO Base 
Facility 
Const Equip 
Overhead 


(7020) 

3465 

1310 

2245 


GEO Base 
Facility 
Const. Equip 
Overhead 


(1185) 

380 

425 

380 


$8205 



This has 90? learning within the 
those units used for testing. 


first set but ^oes not include 
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D1M^22S764 
TABLE 8 (Cont'd) 


Facility 

FtHindation 
Crew Hodules 
Cargo Handling 
Base Subsys 
Naint. Provisions 

Const, i Support Equip. 

Struct Assy. 

Energy Collectiwi Conversion 
Power Oistrib. 

Subarray Install. 

Cranes/Man ip 
Indexers 

Spares 

Install. Assy, C/0 
SE&I 

Proj. Mgt. 

Sys. Test 
GSE 


(3465) 

250 

2870 

330 

15 

(1310) 

356 

165 

75 

CO 

560 

80 

Basic HRU 4775 

715 

765 

335 

95 

145 

190 

$7020 M 
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01MK228764 


TABLE 9 

P/V CONST BASE MASS SWWARY 


LEO CONST BASE 


OO^kg) 

(5870) 


Facility 5200 
Const & Supp Equip 400 
Constables 270 

GEO CONST BASE 

Facility 565 
Const & Supp Equip 175 
Consumables 30 


(770) 



DlW-228764 
TABLE 9 (Cont) 


LEO CONST. BASE 

lO-* kq 

FACILITY 

(5200) 

Foundation 

2500 

Crew Modules 

2000 

Cargo Handl^ng/Distribution 

400 

Base Subsystems 

200 

Maintenance Provisions 

100 

CONST & SUPPLY EQUIPMENT 

(4CG} 

Struct. Assy. 

80 

Solar Array Inst. 

60 

Power Oist. Inst. 

20 

Subarray Inst. 

30 

(Incl. sec str) 


Cranes/Man i pul ators 

180 

Indexers 

30 

TOTAL DRY 

5600 

CONSUMABLES (90 Days) 

270 


[l~N . Includes 33T growth allow. 


No other item does. 
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DIM-22876^ 
TABLE 9 (Continued) 


GEO FINAL ASSY BASE 

Facility 
Foundation 
Crew Module 
Cargo Handling/Olst 
Base Subsystems 


10^ kg 

(565) 

280 

220 

55 

10 


Const & Support Equipment 
Solar Array Inst. 
Crane/Manipul . 

Ifidexers 
Docking Cranes 


50 

15 

6 

104 


(175) 


740 
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0180-228764 
TABLE 10 
COST SUMMARY 
P/V GEO CONST CONCEPT 




$10®M 

LEO Staging Depot 


($1130) 

GEO Const Base 


(7585) 

Facility 

3610 


Const Equip 

1555 


Wraparound 

2420 

is 
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TABLE 10 (Continued) 


LEO STAGING DEPOT (SlO^) 


Foundation 

1 

Crew Modules 

645 

Base Subsystems 

4 

Vehicle and Payload Handling 

120 

Propellant Storage and Distribution 

15 

Basic Hardware 

$785 

Spares (15?.' 

115 

Install, Assy, C/0 (16) 

125 

SE&I (7) 

55 

Proj. Mgt. (2) 

15 

Sy< Test (3) 

25 

GSE (4%) 

30 

Total 

$1150 
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01W-2287»« 
TABLE 10 (Contlnuec) 


GEO CONST BASE 

Facility (3610) 

Foundation 250 

Crew Nodules 3020 

Cargo Handling 330 

Base Subsystems 
Maintenance Prov 

Construction Equip (1555) 

Struct Assy 350 

Energy Collection & Conversion 165 

Power Dist. 75 

Subarray Inst. 80 

Cranes/Nan Ip 760 

Indexers 125 

Basic Hardware 5165 

Spares 775 

Install. Assy, C/0 825 

SEil 360 

Proj. Mgt. 100 

Sys. Test 155 

GSE 205 

2420 

Total 7585 
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D180-22876-6 


TABLE 11 
MASS SUMMARY 

P/V SAT 

GEO CONST CONCEPT 


1°^ ><i 


lEO STAGING DEPOT 

Facility & Equip. 730 

Consumables 20 

G£C Const Base 

Facility 5730 

Const. Equip. 515 

Consumables 270 


(750) 


(6535) 


7285 
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D180-228764 
TABLE n (Cont.) 


GEO Const. Base 

Facility 
Fou" J^-tion 
Crew Modules 
Cargo Handling/Dist 
Base Subsystems 
Haint. Provision 

Construction Equip. 

Struct. Assy. 

Solar Array Inst. 
Power Dist. Inst. 
Subarray Inst. 
Cranes/Manipulators 
Indexes 

Consumables (90 Days) 


(10^ kg) 

(5750) 

2500 

2690 

400 

60 

100 

(515) 

80 

60 

20 

30 

255 

70 

Total Day 6265 

270 

6535 


I8S 



D18(V228764 
TABLE 11 (Cent.) 


LEO Staging Depot 10^ kq 

Foundation 15 

Crew Nodules 590 

Base Subsystems 30 

Vehicle and Payload Handling 40 

Propellant Storage and Distribution 55 

730 

Conswnables (90 days) 20 

Total 750 
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0180 - 22876-6 
TABLE 12 


CREW SUPPORT ROM ESTIMA TE 
LEO CONSTRUCTION 


, Crew Size ■ 541 


Total Staff » 2 (541) + lOV. = 

1190 

Cost $1 20K/Man-Year * 

$143M 

Crew Support 10X Working 
Crew = 5410 (on ground) 

9 $50K/Man-Year 

$271 M 

Training, etc. (20%) 

$83M 


497M 


GEO CONSTRUCTION 

Crew Size = 551 
By Ratio, Cost is $506M 

THERMAL ENGINE LEO CONSTRUCTION 

Crew Size » 811 
By Ratio, Cost is $745M 

There is an estimated additional $4M operations support per SPS 
for LEO construction to accotmiodate the luore complex operations. 
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D180-2287M 
TABLE 13 

NUMBERS OF FLIGHTS S COSTS SUMMARY 
HLLV Cost/Flt = 67.56 X (Annual Rate) -.2715 


1. P/V Hardware 

• Mass is 77,000 Tons 

• HLLV Payload is 391 Tons 

• 10* for Packaging 
Flights = £7 (GEO) 

= 228 (lEO - 5% Oversize) 

2. Orbit Transfer Sys (LEO) 

Mass is 12,236 tons 

(Total SPS) 

10« for packaging 

35 Flights (LEO) 

3. OTVs 
217 trips to GEO 

wears out 4.34 vehicles - 48 - 33 

= 4.34 fliohts (GEO) 

4. Propellant for OTS 1074 — 737 

OTS = 3620 ton/module 

X 8 modules & 5* boiloff 
= 30408 tons - tanks are in OTS above 
= 78 flights (LEO) 

5. Propellant for OTVs 

• Factor = 2.075 (includes boiloff 
but not tanker) 

e Mass is 77,000 tons + 10? packaging 

• Allow 152 for tankers, transfer & 
boiloff 

517 flights - 5754 - 3950 

(GEO) 


Cost 

1 SPS/Yr 4 SPS/Yr 
LEO GEO LEO GEO 


3139 2415 2155 1658 


482 — 330 
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Dl80>22876-6 

TABLE 13 (Continued) 


6. OTV Cargo 
None (LEO) 

217 Flights 

(GEO) 

7. Crew Rotation & Resupply 
Shuttle (S12M/FU, 1 SP3 per yr) 
Advanced Shuttle ($5K/Flt, 4 SPS/Yr) 
28 Flights per SPS 

HLLV - Supplies 

5 Flights LEO 
4 Flights GEO 
HLLV Tanker 5 (LEO) 

24 (FEO) 

OTV Flights 4 (LEO) 

12 'GEO) 

OTV 3 S4M/FU 1 SPS/Yr 
& 2.3M/Flt 4 SPS/Yr 

Total HLLV Flights 
$/Flt 

8. OTS Hardwa; e 

(From Table 14 with growth deleted) 


(0) 

(868) 

(0) 

0 

868 

0 

(476) 

(695) 

(234) 

’36 

336 

140 

69 

44 

47 

69 

267 

47 

16 


9 


48 


351 

766 

1404 

13.77 

11.13 

9.45 

1260 


723 


(499) 

499 

(382) 

140 

31 

183 

28 

3064 

7.64 
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ABLE 14 

SELF-POWER ORBIT TRAN!.FtR SYSTEM MATURE INDUSTRY COST ESTIMATE 


ITEM & 

MASS 

(LB) 

J_ 

SLOPE 

(‘CM 

JNIT 

CWT 

PCM 

TFU 

(1 OTS) 

FULLY 
LEARNED 
UNIT TOTAL 

MATURE 
INDUSTRY 
P 1 SPS/YR 

(8 OTS) 

MATURE 
INDUSTRY 
P 4 SPS/YR 

$/<G 

0''i> System 







1 ,458,160 

836 .643 









697436 

39-840 


O.S 







1.388.724 

796.803 


Thruster 

Panel 

(13,532,000) 








440.177 


Panel Struc 
(1640 LB) 

192 

.85 

641 


127 

24,364 

17,583 

8,792 

$131 

Thrusters 
(110 LBS) 

26,800 

.85 

409 


81 

2,176,490 

132,752 

66,376 

$ 98 

— Processors 
S (18,230 LBS) 

384 

.85 

6,151 


1,217 

467,607 

238,624 

119,312 

$ 75 

Switchgear 
(660 LBS) 

1920 

.85 

2,120 


420 

805,826 

183,903 

91 ,952 

$320 

Interrupter 
(50 LBS) 

26,880 

85 

244 


48 

1,298,444 

79,197 

79,197 

$130 

Interrupter 
(2 LBS) 

26,880 

.85 

16 


3.17 

85,143 

5,193 

2,596 

$212 

Cabl ing 
(1500 LBS) 

192 

.85 

3,496 


692 

132,835 

95,901 

47,950 

$734 

Instrum 
(200 LBS; 

192 

.85 

968 


192 

36,/ 94 

26,554 

13,277 

1524 

Prop Sys 
(1500 LBS) 

192 

.85 

391 


77 

14,862 

10,725 

10,725 

82 





TABLE 14 (Continued) 


ITEM & 

MASS 

(LB) 

1 

SLOPE 

PCM 

UNIT 

COST 

PCM 

TFU 

( 1 OTS) 

FULLY 
LEARNED 
UNIT TOTAL 

MATURE 
INDUSTRY 
8 1 SPS/YR 

(8 OTS) 

MATURE 
INDUSTRY 
8 4 SPS/YR 

$/K6 

Thrust. Frame 
(6160 LBS) 

32 

.85 

2,069 


410 

13,104 

23,170 

11,585 

$260 

Gimbal Assy 
(6160 LBS) 

32 

.85 

11,876 


2,351 

75,235 

133,000 

66,500 

$1487 

Computer 
(100 LBS) 

32 

.85 

2,448 


484 

15,508 

27,415 

13,707 

18,000 

Communlc 
(100 LBS) 

32 

.85 

1,718 


340 

10,883 

19,240 

9,620 

13,000 

Standoff Str 
(10,000 LBS) 

32 

.85 

3,117 


617 

19,746 

34,907 

17,454 

240 

0 

we 

Argon Tks 
(40.000 LBS) 

32 

.85 

6,801 


1,346 

43,085 

76,164 

38,082 

1 

LO, Tks 
(16,000 LBS) 

32 

.85 

3,106 


615 

19,677 

34,784 

17,392 

149 s: 

LH, Tks 
(16.000 LBS) 

32 

.85 

2,078 


411 

13,164 

23x211 

41,636 

160 

Tank Insul. 

16 

.90 

1 ,083 


378 

6,063 

15J5i 

JJtSQ. 

2 

Prop. Sys. 
(10,000 LBS) 

32 

.85 

1,443 


285 

9,141 

16J6Q. 

16J6Q 

111 

Cheni. Thr. 
(1000 LBS) 

96 

.85 

74 


14 

1,406 

1.435 

1.435 


TCS/RAO 
(8680 LBS) 

384 

.85 

4,027 


797 

306,138 

156,225 

78,113 

103 

Pwr. Distr. 
(41,830 LBS) 

160 

.85 

1,492 


295 

47,260 

37,362 

37,362 

12 
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Table 15 Parametric Cost Model Output for Orbit Transfer System 

NO NAME SUB ELEMENT METHOO SOUS- BLEND 8UPT OTS NOD HOD NUMBER LRN COST 

TO CES FACTORS FROM * % CMPLX X (000) 


1 TOTAL PROGRAM 
0 


0 ODTtE SUBS 0 

OPCODE- 0 
UNIT SUBS 0 

OPCODE- 0 


0.00 


0 0 0.0 


n.oo 0 


0 0 


1>4S0>78S 

1.479.087 


2 PROG INTEG 8 HGMT 
0 


DDTtE FACTOR 
OPCODE- 2 
UNIT FACTOR 
OPCODE- 2 


3 0.04 0 

3 0.04 0 


0 0 0.0 


0 0 


40.53S 

79,410 


3 OTS INSTL 
- 0 

mO 


00T4E SUBS 0 

OPCODE- 0 
UNIT SUBS 0 

OPCODE- 0 


0.00 0 


0 0 0.0 


0.00 0 . 


0 0 


1.390.249 

1.399.474 


4 FLT SYS OtO 
0 


D0T4E SUDS 0 

OPCODE- 0 
UNIT SUBS 0 

OPCODE- 0 


0.00 0 0 0 0.0 

0.00 0 


0 0 


211.482 

1.217.131 


I 

I 


5 SUSTAINING 
0 


4 SC t 1 
0 


3 DOTIE FAC UN 4 
OPCODE- 3 
UNIT N/A 0 

OPCODE- 8 


3 DOTSE CERK 4 

OPCODE- 12 32 

UNIT N/A 0 

OPCODE- 8 


0.05 0 0 0 0.0 

0.00 0 


0.00 0 0 0 0.0 

0.00 

0.00 0 


42.401 

0 0 0 

19,141 

0 0 0 




NO 


NAME 


Table 15 (continued) 

sue IIENENT HETHOO SOUI- 
TO CES 


7 FIT S'S DD»T 
0 


8 SYSTEM TEST 
0 


^ 9 SYS TEST LBE 

i® 0 


10 6R TEST HOKE 
0 


11 FLT TEST HOME 
0 


12 SOFTWARE EN6R 
0 


0 0DT8E FACTOR A 

OPCODE- 2 t 

9 

UNIT N/A 0 

OPCODE- a 

S DOTiE SUBS 0 

OPCODE- 0 
UNIT N/A 0 

OPCODE- 8 

8 DOTtE CERM A 

OPCODE- 12 SA 
UNIT N/A 0 

OPCODE- 8 


8 OOTtE FAC UN A 
OPCODE- 3 
UNIT N/A 0 

OPCODE- 8 


8 DDTtE FAC UN A 

OPCODE- 3 
UNIT N/A 0 

OPCODE- 8 

3 DDTtE CERm 7 

OPCODE- 12 37 

UNIT N/A 0 

OPCODE- 8 


COST 

( 000 ) 


BLIND SUPT OTS NOO MOD NUMBER LRN 
FACTORS FROM 9t X CMPIX X 


1.00 000 0.0 0 
1.00 
1.00 

0.00 0 00 0 


0.00 0 - 0 

0.00 0 

0.00 0 0 

0.00 

0.00 0 

0.30 0 0 

0.00 0 

0.30 0 0 

O.OC 0 

0 


0 0.0 

0 


0 0.0 

0 


0 0.0 

0 


0 0.0 

0 


0 0.0 


90S. SIS 

0 0 

ISf.SOS 

0 0 

» ( 
SSS.139 

0 0 

SSS.139 

0 0 

9A.S21 



0.00 0 

0.00 

0.00 0 


0 


0 


0 



Table 15 (continued) 


wo 

WARE 

sua ELEMEMT 

WCTMOO SO'J«- 

BLEWO 

SueT 

OTS MOO 

woo MU«S£« 

LIN 

COST 



TO 

CE5 

F*CT0*5 

r*o« 

t % 

cweijr 

* 

(000) 


13 CSE 

3 DOT3E FACTO* 

A 

0 . to 

0 

0 

0 

0.0 


29.72A 

0 

OPCQ3E* i 
UHIT FACTO* 

A 

0.10 

0 




1 100 

71. Oil 


OPCODE* ? 










lA TOOLINS 

3 ODTtE facto* 

A 

0.25 

0 

0 

0 

0.0 



71.5A2 

0 

OPCODE* 2 











UNIT W/A 

0 

0.00 

0 




0 

0 

9 


OPCODE. 8 











15 ASST « C/0 

3 OOTtE W/A 


0 

0.00 

0 

0 

0 

0.0 



0 

0 

OPCODE* 

8 











UMJT FAC 

UN 

A 

0.07 

C 




0 

0 

ol.tei 


OPCODE* 

3 











1« THFU5TE* PAWEt 

A OOTtE CUBO 


0 

0.00 

0 

0 

0 0.0 

73.11A 

0 

OPCODE* 

0 








UWIT C'J0S 


0 

0.00 

0 


2A 8A 

70.031 


OPCODE * 

0 





A6CPCCATED VALUES 

1.003.773 


17 PAKEL STRUCT 

It OOTtE CER 

1 

1.00 

30 

0 

0 

0.0 


1.972 

15A0 IBS 

OPCODE* 1 










UNIT CEP 

At 

1.00 

A5 




1 100 

iAl 


OPCODE* 1 










18 THRUSTERS 

14 OOTtE CEP 

21 

1 . 00 

31 

0 

0 0.0 

S.321 

no LBS 

OPCODE* 1 








UWIT C'R 

it 

0.2S 

A5 


lAO 8A 

A07 


OPCODE* 1 





ACOREOATEO VALUES 

23.224 





Table 15 (continued) 

NO NAHE «U» ELKNENT NETNOO SOUR- SIEND SUPT OTS HOD MOO NUHIER IRN COST 

TO CES FACTORS FRPN X X CHFLX X (000) 


IF 

PROCESSORS 


IS 

DDTSE CER 


7 

1.00 

2F 

0 

0 

0.0 

SBtSFB 


10230 

LBS • 


OPCODE- 
UNIT CER 

1 

S2 

o.so 

ss 



2 BS 

6.1S1 





OPCODE- 

I 






AOORRBATID VALUES 

1US9S 

20 

SHITCH6EAR 


IS 

SDTSt CER 


IS 

1.00 

so 

0 

so 

s.o 

2>«SB 


t(0 

IBS 


OPCODE- 
UNIT CER 

I 

5» 

1.00 

ss 



10 BS 

2>120 





OPCODE- 

I 






ABORIOATEO VALUES 

IS, 097 

21 

INTERRUPTER 


IS 

DDTSE CER 


IS 

1.00 

so 

0 

0 

0.0 

S2B 


50 

LBS 


OPCODE- 
UNIT CER 

1 

5F 

I. 00 

ss 



ISO BS 

ESS 





OPCODE- 

I 






AOeREOATBO VALUES 

1S,B77 

22 

INTERRUPTER 

IS 

DDTSE CER 


IS 

1.00 

so 

0 

0 

0.0 

S2 


2 

LBS 


OPCODE- 
UNIT CER 

1 

5F 

1.00 

ss 



ISO SS 

U 





OPCODE- 

I 






AOOREOATED VALUES 

917 

23 

CABLING 


IS 

DDTSE CER 


13 

1.00 

29 

0 

0 

0.0 

S.80S 


1500 

LBS 


OPCODE- 
UNU CER 

I 

50 

1.00 

SS 



1 100 

S,S9E 





OPCODE- 

1 








2<f 

i:;sTRuri 


IS 

DDTSE CER 


15 

1.00 

30 

0 

0 

0.0 

S,21B 


2C0 

LBS 


OPCODE- 
UNIT CER 

1 

60 

1.00 

SS 



1 100 

968 





OPCODE- 

1 









0 

IM 

1 

I 


OftiGINAL PAGE lb 
OP POOR QUALITY 



Table 15 (continued) 


MO MARC SUB etCHENT METHOD SOUR- BLEND SUMT OTS HOD HOD NUKBEE LRN COST 





TO 



CES 

FACTORS 

FROM 

X 

X 

CMPLX 

X 

(000) 

25 

PROP STS 


16 

OOTtE CCR 


AO 

1.00 

30 

0 

0 

0.0 


A.S56 


1500 

LBS 


OPCODE- 
UNIT CER 

1 

76 

L .00 

A5 




1 100 

351 





OPCODE- 

1 









2« 

THRUSTER 

FRAME 

A 

DDTAE CER 


1 

1.00 

25 

0 

0 

0.0 


S,21A 


61(0 

LBS 


OPCODE- 
UNIT CER 

1 

A( 

1.00 

AS 




A 8A 

2.065 





OPCODE- 

1 












• 








A66RE6ATED 

VALUES 

(.532 

27 

GIH3AL ASSY 

A 

DDTtE CER 


2 

0.75 

SO 

0 

0 

0.0 


A(,035 


6160 

LBS 


OPCODE- 

1 

6 

0.25 











UNIT CER 


A7 

0.75 

A5 




A 8A 

11.876 

W' 




OPCODE- 

1 

51 

0.25 




AGGREBATEO 

VALUES 

, 35.782 

28 

COMPUTER 


A 

OOTtE CER 


17 

1.00 

30 

0 

so 

5.0 


12.61A 


100 

LBS 


OPCODE- 
UNIT CER 

1 

6A 

1.00 

AS 




A BA 

2.AA8 





OPCODE- 

1 


• 




AGGREGATED 

VALUES 

8.200 

25 

COMMUNIC 


A 

OOTtE CER 


16 

1.00 

30 

0 

so 

5.0 


7.328 


100 

LBS 


OPCODE- 
UNIT CER 

1 

61 

1.00 

A5 




A 8A 

1.718 





OPCODE- 

1 






AGGREGATED 

VALUES 

S, 75A 

JO 

standoff 

STR 

A 

DOTtE CER 


1 

1.00 

25 

0 

50 

5.0 


6.275 


lOOOO 

LOS 


OPCODE - 

1 





- 







UNIT CER 


A( 

1.00 

AS 




A BA 

3.117 





OPCODE- 

1 










AGGREGATED VALUES 


10, AAi 


9 ^ 1 * 21-0810 



Tible 15 (continued) 


HO 

HAH€ 

SUB 

eirHeNT hethoo sour- 

BIENO 

SUET 

OTS 

MOO 

MOO NUMBER 

LRM 

COST 



TO 

ces 

EACTOSS 

FtON 

S 

X 

CMELX 

X 

(000) 


31 

ARGON TANKS 
AOOOO LBS 

S 

DOTSE CER 
DFCOOE- 

1 

ei 

t .00 

29 

a 

0 

0.0 


21. OSS 





UNIT CER 
OPCOOc- 

1 

B2 

1.00 

AS 




A BA 

4, SOI 












ACCREOATED 

VALUES 

22,783 

32 

102 TANKS 
liOQO 

LBS 

* 

DOTtE CER 
OPCODE- 

1 

ai 

1.00 

29 

0 

0 

0.0 


9.18A 





UNIT CER 
OPCODE- 

1 

62 

1.00 

• AS 




A BA 

3,104 












AS6RECATED 

VALUES 

10,A04 

~o 














33 

LH2 TANKS 

icooo 

LBS 

A 

OOTtE CER 
OPCODE- 

1 

81 

1.00 

29 

0 

0 

0.0 


4,00A 





UNIT CER 
OPCODE- 

1 

82 

1.00 

AS 




A 8A 

2,078 












A66RE6ATED 

VALUES 

4,942 

3A 

TANK INSUL 
2230 

5Q FT 

A 

DDTtE CER 
OPCODE- 

1 

8 

1.00 

30 

0 

0 

0.0 


S,4SS 





UNIT CER 
OPCODE- 

1 

S3 

1.00 

AS 




14 B< 

lOA 












AGGREGATED 

VALUES 

1,083 

3S 

PPOPELLIMT 

; S300 

SYS 

LBS 

A 

DDTtE CER 

DPCJDE- 

1 

AO 

1.00 

30 

0 

0 

0.0 


12,S21 





Un:T CER 
OPCODE- 

1 

74 

1.00 

AS 




A 8A 

1 , AA3 












AG5RCCATE0 

VALUES 

A.81A 

14 

THfjs 
! '. 'J 3 

T 

IBF 

A 

DDTtE CER 

OPCODE - 

1 

A2 

o.so 

31 

0 

0 

0.0 


11, AAA 






, 

7S 

0. DO 

AS 




12 89 

7A 





9^L9ZZ'fma 



NO 


NAME 


Table 15 (continued) 

SUi EICMENT HCTHOO SOUK- BLEND SOMT OTS MOD HOD NUM8EB L»N COST 

TO CES FACTOES FAOM X X CMFLX X t000> 


37 TCS/'PADIATOR* 
8680 LBS 

4 ODTkE CER 

OPCODE- 1 

9 

1.00 

29 

0 75 3.0 

12.403 


UNIT CER 
OPCODE- 1 

54 

0.50 

4? 

48 64 

4,027 






A6GRECATED VALUES 

99,542 


je FOKE« OISTB 

<^1830 LBS 


4 OOTkE CEB 1 

OFCOOE> 1 
UNIT CER 4S 

OPCODE* 1 


0.10 29 


0 0 0.0 


0.10 4S 


20 64 


5, *77 
1.492 
18,513 


c 

tK 


A66RC6ATE0 VALUES 



Dt«M2B7»4 
TABLE 16 

CItEtt BOTATION/RESUPPLY 
Launches Par Year 


Shuttle Growth 

LEO Const. 
£0. 

GEO Const 

(Crew to LEO) 

28 

44 

28 

HLLV-Supplles 

4 

6 

4 

HLLV'Tanker 

5 

5 

24 

OTV 

4 

4 

12 


199 



DI80-2387M 
TABLE 17 

GROWTH CALCUUTIONS 


Groirth Is Applied to: 

sre 

Constnictlon/Space Std>port 
Space Transportation 

Pro Rata Share of Interest During Construction 


1 SPS/Yr 4 SPS/Yr 



LEO 

GEO 

LEO 

GEO 

SPS 

7442 

7190 

5587 

5378 

Constr/Space Sup 

1109 

1126 

1109 

1126 

Space Trans 

6445 

9780 

4188 

6522 

Pro Rata IDC 

1437 

1114 

842 

651 

Subtotal 

16433 

19210 

11726 

13677 


Mass Growth 

26. 6S 

26.61 

101 

101 

Cost Growth Equiv. 

2U 

211 

81 

81 

Cost Growth Amount 

3450 

4034 

938 

1094 


200 



TABLE 18 LEO/GEO DIFFERENCES 


DEiTA COST IR NIIUOKS 
PER SPS (6EO • lEO) 


RFP 

REF 

ITEM 


RATIORALE 

RECURRING 
(4 SP$/YR) 

INlTIns NON- 
RECURRING 

») 

Trai:sportatlon RcquIrMWftts 
(Includes Crew) 

0 

0 

HLLV Launch Rate, 1400/Tr VS 3064/tr P 4 Vr 
3SO/Vr VS 766/Yr P 1/Vr 

See Also Table 1 

Net • 2.343 

-1,431 (OTS) 
2,223 (Fleet 
Invoice) 

b) 

Construction Requireawnts 

0 

See Tables 1,7,8,9.10,11 for Facility DelU Costs 

24 

530 



0 

Stationkeeping Propellant 800 Kg/day - 292 Tons/Vr 

•9 




0 

Crew Support 

9 


c) 

SPS Design Requireaentt 

0 

Oversizing for Radiation Degradation 

•139 

-350 



0 

Delta Structural Hass - 854 Tons for GEO (Sec Table 4, Sheet 2) 

-70 

-175 



0 

Satellite Mods, for OTS Included in OTS Costs 



4) 

Degradation Potential 

0 

Included in SPS Design Requireinents 

(Overs izmg Coaipensates for Output and Mismatch loss) 


D 

fli 

e) 

Launch Site Differential Effects 

0 

Higher Launch Rate for GEO (See (a) 


1,715 Ltneh 8 
Facility « 
Costs y 

f) 

Startup 

0 

Orbit Transfer Hardware Elements included in OTS Cost 


$ 



0 

Delta Interest During Construction 

-103 


9) 

Operations Considerations 

0 

Can't Reuse Packaging Materials and Pallets for GEO (Not Quantified) 





0 

No Difference In Numbers of Vehicles in Flight. More Complex 
Monitoring tor OTS. 

•10 




0 

Docking Equipment Included in GEO Facility for LEO Construction 



h) 

Collision 

0 

Estimated Collision Avoidance Propellant 32 Tons/Yr 

-1 



0 

Object Monitoring Cost 

-5 


i) 

Cost Differentials 

0 

Other Factors Itemized in This Table 





0 

Delta Growth (Factor on Delta Cost) 

1SG 

(m O 

j) 

Orbit Transfer Conplexity 

0 

Hardware/Software Costs Reflected as OTS Costs 

- 

S ” 



0 

Software Preliminary Design Incorporated In Existing Simulations 



TOTAL 

C55T niFFERENTIALS 



1.995 

2,512 



DI80>228764 


3.3 REFERENCE THERMAL ENGINE 
Cost Dau Facfcafc 


Tabic 1 9 provilies a cost suniman and references the backup substantiation material. Tables 20 
through 27. 
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T/«LE 19 CAPITAL COST SUMMARY-THERMAL ENGINE SPS (RANKINE) 

OOUARS (K MILL lows 


WBS ITEM 

Wfsy. W WBER 

1.01 Soljr Power Satellite 

I.OI.OO Mult* pit- /CfMMon 
and Hfj'g 

Er.rrijy Collection 

Energy Conversion 
Power Distribution 
Microwav* Power TransMlsslon 


tj 

o 


1.0? Ground Receiving Station 

?.00 Construction t Space Support 

-.01 Construction Base 

Writedown) 

?.C? SpJ ■? Support 
?.0?.0I Staging Base , 

?.C?.0? Crew Support 


2-02.0J Other OPS Support 


SOURCES RHP REFE REN CES 

0 Mature Industry Estimate. Table ?0 
o PCM Run. Table ?1 

0 General ' jctric Turolne, Generator, t Pump 
Cost Estimates 

o Structural Mir, Estimate, 9th MPR 
0 Varian Analysts of Klystron Production 
0 MPtS Error Analysis 
0 SPS Mass Estimate. Table ?? 

(Same as Photovoltaic) 

Writedown Suimiary, Table ?3 

Facility Mass t Cost Estimates Tables ?4 and ?5 

(Same as P/V) 

0 Crew Support ROM Estimates, Table I? 

0 ' 'ew Requirements from Construction Analyses 
(Part I Vol. II! and Part II Vol. IV) 


3.00 Space Transportation 

3.01 Earth - Leo 

3.01.01 Freight 
3,01.0? Crew 
3.C.? LEO - GEO 
3.0?. 01 Freight 
3.0?.0! Crew 

Interest During Construction 


Crc.;th 


o Numbers pf Flights and Costs 
Summary, Table ?6 


0 Other References Same as Photovoltaic 





Table 27 




t-ei . 


1 sps/ru 

4 SPS/W 

LEO 

CONSTRUCT ION 

GE(T^ 

CONSTRUCTION 

CONSTRUCTION 

CONSTRUCTION 

( 7.987) 

( 7,987) 

( 5.284) 

{ 5.284) 

1,196 

1.196 

846 

846 

374 

374 

374 

374 

3.365 

3.365 

1.890 

1.890 

376 

376 

222 

222 

2,676 

2.676 

1,952 

1,952 

( 4.446) 

{ 4.446) 

( 4.000) 

( 4.000) 

( 1.716) 

( 1.768) 

( 1.716) 

( 1.768) 

971 

t.OlO 

971 

1.010 

H/A 


M/A 


745 

758 

745 

758 

16 


16 


( 7.425) 

(11,182) 

( «.67«) 

( 7.276) 

3,900 

3.270 

2.527 

2.095 

528 

528 

220 

220 

1BI 

533 

141 

357 

2.816 

6.851 

1.790 

4,603 

(700 Days) 
( 2,068) 

(450 Days) 
( 1.563) 

(566 Days) 
{ 1.215) 

(366 Days) 
( 916) 

< 2.946) 

( 3.489) 

( 765) 

( 903) 

26,588 

30,435 

17,648 

20,146 


TOTALS 


9^L8ZZ*08ia 



TABLE 20 


MATURE IMOUSTRY ESTIMATE. THEWWL ENGINE SPS 


ITEM « 

MASS 

(LB) 

f 

SLOPE 

PCM 

UNIT 

COST 

PCM 

TFU 

FULLY 
LEARNED 
UNIT TOTAL 

MATURE 
INDUSTRY 
9 1 SPS/yr 

MATURE 

industry 

9 4 SPS/YR 

5/KG 

T/E SPS 







5.311.168 

3.341.927 


Other 








159.139 


MuH/Cori 







m.Q79 

686.546 


Prim. Struc 
(8537 LBS) 

200 

.85 

2,727 

203,993 

540 

107,974 


46.744 

98 

Att. Control 







451 .852 

229.925 


Thrusters 
(no LBS) 

5120 

,85 

1,328 

1,198,036 

263 1 

,346,084 

188,121 

94,060 

$736 

5 

Processors 
(12,000 LBS) 

96 

.85 

6,248 

264,920 1237 

118,745 

121,194 

IS0.597 

231 9 

S 

Structure 
(10,000 LB) 

32 

.85 

7,505 

135,001 

1485 

47,545 

84,048 

42,024 

57» t 

Tanks 
0130 LB) 

64 

.85 

1,040 

32,174 

205 

13,177 

16,471 

8,235 

502 

Instrum 
(1000 LBS) 

32 

.85 

3,752 

67,500 

743 

23,769 

42,018 

21,009 

2,895 

Central Compute 

3 

1.0 

12,430 

37,291 

• • 

.. 

37,291 

37,291 


(700 LBS) 










Communlc 
(2000 LBS) 

3 

1.0 

24,576 

73,729 



73,729 

73,729 


Ant. Yoke 
(258,000 LBS) 

2 

.85 

163.474 

302,857 



302,857 

302.857 

1,294 


55**®*AL PAGt It 
m fOQR QUALITY 


TABU 20 (Contlftutd) 


ITEM » 
MASS 

ae) 

# 

SLOPE 

PCM 

IMIT 

COST 

PCM 

TfU 

(1 HPTS) 

FULLT 
LCARNEO 
UMIT TOTAL 

mTURE 
INDUST8Y 
P 1 SPS/YR 

(2 MPTS» 

MATURE 
HmSTRY 
t 4 5PS/YR 

S/I 

Energy 

Coll 






374.456 

374.456 


Concent 






374.456 

374.456 


Structure 
{8537 L8S) 

1600 

.85 

2727 

119,349 

540 863,792 

310,000 

310,000 

50 

Farets 
{35 lU) 

116,000 

.65 

44 


8.7 1,010.450 

64,456 

64,456 

35 

Energy 

Conversion 






3.365,444 

1 .899,974 


Cavity 

037.779 lbs) 

16 



297,547 


297.547 

297,547 

298 

Boiler 
(12.615 lb) 

576 

.85 

25.079 


4964 2,859,808 

1,191,587 

595,793 

361 

CPC/Ooor 
(20.250 lbs) 

16 

.85 

26.669 

277,050 

5279 84,475 

211,188 

105,594 

1436 

Turbines 
(52.646 1b) 

576 

.85 

23.199 


4592 2,645.428 

1,102,262 

551,130 

80 

Generators 
(9600 lbs) 

576 

.85 

6,397 


1266 729,463 

303,942 

151,971 

121 

PuTfiS 
(3766 lb) 

576 

.85 

3,150 


624 359,200 

149,667 

74,833 

152 

Radiator 
Wani fold 
(85S7 Lb) 

32 

.85 

2,094 


415 13,265 

109.251 

23,450 


188 


^fC2<OtlO 



TABLE 20 (Cofittnucd) 


ITEH A 

MASS 

(LB) 

# 

SLOPE 

PCM 

UNIT 

COST 

PCM 

TFU 

(1 MPTS) 

FULLT 
LEAlWfO 
UNIT TOTAL 

MATURE 
INDUSTRY 
9 1 SPS/YR 

(2 MPTS) 

MATURE 
INDUSTRY 
• 4 SPS/YR 

l/Ke 

H. P, Panels 
(98 LB) 

192960 

.85 

59 


11.7 

2,253,842 

85,801 

t 

85,801 

10 

Potassium 

(13.36E6LB) 







25,880 

25,880 

4 

Power Oistr. 







376,276 

221 ,812 


Switchoear 
(1320 LB) 

jo4 

.85 

3787 

449,414 

749 

272,898 143,038 

71,519 

655 

Busses 
(150,000 LB) 

364 

.85 

4392 

521,153 

869 

316,49$ 165,88$ 

82,944 

a 

Rotary Joint 
(57.000 LB) 

2 

.85 

36,353 

67,349 



67,349 

67,349 

1302 i 
1 


9 



Ttbit 21 P«riiittr1c Cost Mod#! Output for Hiimil Enoino SP$ 


\ TOTAl r«08»AH 
0 


2 PI06 INTE8 t H6NT 
0 


5 TC srs 
0 


A FU SYS Dts 
0 


S SUSTAININB 
0 


« SE S X 
0 


SUB ELININT NITNOD SOU 
TO Cl 


B DDTSi SUBS 
OPCODIa B 
UNIT SUBS 
OPCOOI- 0 


I DOTS! PACTOI 
OPCODE- 2 
UNIT FACTOE 
OPCODE- 2 


X DOTH SUBS 

OPCODE- D 
UNIT SUBS 
OPCODE- 0 


S DDTAE SUBS 

OPCODE- D 
UNIT SUBS 
OPCODE- 0 


3 DDTAE FAC UN 
OPCODE- S 
UNIT N/A 
OPCODE- B 


3 DDTAE CEIM 

OPCODE- 12 
UNIT N/A 
OPCODE- a 


• BUENO SUPT OTt NOD NOD NUNBIB UBN 
FACTOBS PBON % * CNPIX * 


0 0 0«D 


0 B 


B B 0.0 


0 0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


COST 

(BOO) 


B*I77«IIE 

f4i004*tBA 


2B4.E13 

l»t9t>SI7 

O.fttitM 

II,711*1IA- 



1. Ilf. 397 
19f7Slt44B 

ABO. 434 
0 

04. IIS 



0 



NAtIC 


NO 


TABLE 21 (continued) 

sue IlfNfNT NITNOO SOUR- SUNS SURT OTS MOO NOS NUNSI* IRN COST 

TO CRI RACTORS RROH S « CNRLX X '(SOS> 


7 PI.T SYS DOST 

0 SDTSI RACTOR 

4 

1.00 

0 

0 

0 

0.0 



e 

0 

ORCOOf* 1 

« 

1.00 










f 

1.00 









UNIT N/A 

0 

0.00 

0 




0 

e 

s 


ORCODt> S 











S SYSTtn TCST 

S ODTSI SUSS 

0 

0.00 

0 

0 

0 

0.0 




0 

ORCQOC* 0 










• UNIT N/A 

0 

0.00 

0 . 




0 

0 

0 


ORCOOe* S 











9 SYS TEST LBR 

S OOTIE CERn 

4 

0.00 

0 

0 

0 

0.0 



'l»4t0»ai9 

0 

ORCODE* la 

14 

0.00 









UNIT N/A 

0 

0.00 

0 




0 

0 

0 


ORCOOE- S 










10 OR TEST NOME 

k* OOTSE RAC UN 

4 • 

0.01 

0 

0 

0 

0.0 



107*014 

0 

ORCOOE- 5 











UNIT N/A 

0 

0.00 

0 




0 

0 

0 


ORCqOE" 0 











11 RIT TEST NONE 

S OOTSE RAC 

UN 

4 ‘ 

0.01 

0 

0 

0 

0.0 



107*014 

0 

ORCOOE" 

1 










UNIT H/A 


0 

0.00 

0 




0 

0 

0 


OPCODE- 

8 











la SOFTWARE EN6R 

1 OOTSE CER« 

7 

0.00 

0 

0 

0 

0.0 


044*471 

0 

OPCODE- la 

17 

0.00 





• 


UNIT N/A 

0 

0.00 

0 




0 0 

0 


OPCODE- 8 











TMU 21 (coiitfflu4NJ> 

MO MMIf Ml f IfMfWT fit TWOe tOUl- ItCHO lOTT Oft MOO MO* ' M*N*tl U« COST 

TO e» lACTOI* MOM I S CMILX % CMOI 



jfclTTVVlh }i\\ 

® aovj ivxi: 



TABLE 21 (continued) 


NO 

NAKf 

tot fUMIMT NBTNOO 

SOUR- 

RIENO 

SORT 

OTS 

NOO 

NOO NUHSIR 

IRN 

COST 



TO 

CES 

FACTORS 

RRon 

X 

X 

CHflX 

X 

COSO) 


If THRUSTERS IS DDTSC CtR 


21 

1.00 

SI 

0 0 0.0 

o.m 

no iss • ORCooc- 

1 





UHIT CER 


AA 

1.00 

AS 

S120 OA 

S»S20 

OPCODE- 

1 




AOORESATIO VALUES 

mfs.osA 


20 

RROCtSSORS 


10 

DOTAE CER 


lA 

1.00 SI 

0 

so 

s.o 

SS.A27 


12000 

LOS 


OPCODE- 

1 











UNIT CER 


Sf 

O.SO AS 



fA SA 

A»2AS 





OPCOOE- 

1 

















ASORSOATEO VALUES 

2AA,f20 

K» 












o 












11 

STRUCTURE 


IS 

ODTSE CER 


2 

1.00 so 

0 

0 

0.0 

SO^fAT 

- 

10000 

ISS 


OPCODE- 

1 











UNIT CER 


AT 

1.00 AS 



12 SA 

7»S0S 

• 




OPCODE- 

1 

















ASORtSATtO VALUES 

ISSrOOl 


22 TANRS 


10 DOTAE CER 


2 

1.00 

SO 

0 

0 0.0 

A, 071 

1130 

LBS 

OPCODE- 
UNIT CER 

1 

AT 

1.00 

AS 


AA OA 

1.0 AO 



OPCODE- 

1 





ASORSeATEO VALUES 

S2.17A 


2S INSTRUN 


10 DOTAE CER 


IS 

1.00 

SI 

0 0 0.0 

IS. 0*0 

1000 

LSS 

OPCODE- 
UNIT CER 

1 

AO 

1.00 

AS 

S2 SA 

S.7S2 



OPCODE- 

1 




ACOREOATED VALUES 

AT. SOD 


24 CENTRAL 

COMPUTE 

lA DOTAE CER 


1* 

l.Of 

SI 

0 ' 0 

0.0 


05.701 

700 

IBS 

OPCODE- 

1 









UNIT CER 


A« 

1.00 

45 



S 100 

12.410 


Or’C05E» 


f^oa-QBia 



TABLE 21 (continued) 


NO 

NANI 

SUO IIIHINT 

NITHOO SOUR* 

RIINO 

SUFT 

OTS 

noo 

NOO NUNStR 

IRN 

COST 



TO 

CIS 

FACTORS 

FRON 

X 

X 

CNFLX 

X 

COOO) 


RS eONNUNIC 

1« ODTSI eCR 


1« ] 

l.OO si 

0 

0 0.0 

110.000 

2000 

Lss OFcooe* 

1 






UNIT CCR 


«1 ] 

l.OO 4S 


S 100 

tO.STO 


OFCOOC- ' 

1 

• 



AOORfOATID VAIUIS 

7S.720 


20 FOH SIN NOO 

4 QOTOt SUSS 

0 

0.00 

0 

0 

0 

0.0 


402.400 

0 

OPCODE- 0 
UNIT SUBS 

0 

0.0,0 

0 




10 04 

l.STS.ffl 


OPCODE- 0 


• 



100RI0A1 

no VALUfS 

10.S72.tS4 



27 CONCENTRATOR 

20 

DDTOE SUBS 

0 

0.00 

d 

0 

0 0.0 

S.OFl 

0 


OPCOOE- 0 









UNIT SUSS 

0 

0.00 

0 


0 0 

171.081 

"• 

• 

OPCODE- 0 







20 STRUCTURE 

27 

OOTOE CER 

1 

1.00 

tf 

0 

80 S.O 

4.01V 

0537 LSS 


OPCODE- 1 




• 





UNIT CER 


1.00 

4S 


too 04 

2.727 



OPCODE- 1 





. 





. 




AOORffATIO VALUES 

11V.S4V 


27 FACETS 


27 ODTOE CER 


2 ] 

l.OO SO 

0 

0 0.0 

272 

35 

LBS 

OPCODE- 

1 







UNIT CER 


47 ] 

1.00 48 


7250 04 

44 



OPCOOE- 

1 




AeOREOATEO VALUES 

82.501 


D 

■I* 

S 



SO CAVITY 


28 DOTIE CER 


1 

1.00 

SO 

0 0 

0.0 

1 17779 

LBS 

OPCODE- 
UNIT CER 

1 

48 

1.00 

45 


1 



OPCODE- 

1 










TABLE 21 (continued) 


NO 

NANf 

sot 

IIININT NITMOO SOUR* SlINO 

SORT 

OTS 

NOO 

NOO miNSIR 

LRN 

COST 



TO 

CIS RACTORS 

IRON 

X 

X 

CHRLX 

X 

toooi 


81 ROILIR 


24 0DT41 CIR 

■ • 

2 

8.00 

80 

0 

0 0.0 

94.TTS 

12415 

LBS 

ORCOOE- 
UNIT CCR 

1 

47 

8.00 

45 


84 84 

to. 879 



OPCODE- 

1 














AOmOATSO VALUIS 

494.844 


82 

CRC/OOOR 


B4 

DOTH CIR 


t 

2.00 80 

0 

0 

0.0 

100.884 


20250 

LBS 


ORCOOI- 

1 











UNIT CER 


47 

2.00* *45 



1 100 

24.449 





ORCOOE- 

1 



• 




M 












K. 











■ • 

58 

TURBINES 


S4 

DDT4E CER 


7 

1.00 29 

0 

0 

0.0 

110.524 


52444 

LBS 


ORCOOE- 

1 











UNIT CER 


S2 

1.00 45 



54 84 

28.199 





ORCODS- 

1 

















ABBRIBATEO VALUES 

457.744 

84 

SENERATORS 


24 

OOTEE CER 


7 

1.00 29 

0 

0 

0.0 

29.488 


9400 

LBS 


ORCOOE- 

1 











UNIT CER 


52 

1.00 45 



84 84 

4.897 





ORCOOE- 

1 





« • 












ABBRIBATEO VALUIS 

124.228 


35 PUKPS 


24 OOrCE CER 


7 

8744 

LBS 

OPCODE- 

1 




UNIT CER 


52 



OPCODE- 

1 



34 RADIATOR 

24 DDT4E SUBS 


0 

0 

OPCODE- 

0 



UNIT SUBS 


0 


OPCODE- 

0 



1.00 29 0 0 0.0 14.292 

1.00 45 54 84 1.150 

AeORIOATID VALUIS 42.148 

0.00 0 0 * 0 0.0 14.894 

0.00 0 84 84 10.584 

AOOftCOATED VALUIS 


20T.0A7 



TMLE 21 (continued) 


NO 

N*nc 

SVO 1 

BlBntNT NITMOO 

SOUE- 

BLENO 

SUNT 

OTO 

noo 

MOB MUNBEE LEN 

COOT 





TO 



CES 

PACTOES 

PEON 

% 

X 

CMPLX X 

(0001 



ST 

MANIFOIOS 

S« 

DOTSI CEO 


40 

2.00 

29 

0 

0 
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TABLE 21 (continued) 
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TABLE 22 



THERMAL ENGINE MASS STATEMENT 




Values are Thousamls of Metric Tons 

1.0. 

SPS 


80.170 

1.01.00 

Mult/Comon Use Equipment 


2.662 

1.01.00.00 

Primiry Structure 


774 

1.01.00.01 

Satellite Cwitrol 


1.4S0 

1.01.00.02 

Com and Data 


4 

1.01.00.03 

Mech Sys. and Other 


200 

1.01.00.04 

Antenna Yoke 


234 

1.01.01 

Energy Collection 


■SjOgl 

1.01.01.00 

Support Structure 


6,254 

1.01.01.01 

Facets 


1,837 

1.01.02 

Energy Conversion: 


40,084 

1.01.02.00 

Support Str 


0 (Included In 

primary structure) 

1.01.02.01 

CPC and Light Doors 


324 

1.01.02.02 

Cavity Absorber 


1,000 

1.01.02.03 

Thermal Engines 


21 ,933 


Boilers 


3,296 


Turbines 


13,755 


Generators and Coolers 


3,648 


Pumps 


1,234 

1.01.02.04 

Radiators 


10,769 

1.01.02.05 

Fluids 


6,058 

1.01.03 

Po»*r Distr. 


4,978 

1.01.04 

HPTS 


24,355 
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TABLE 23 

CONSTRUCTION BASL WRITEDOWN SUMHARY 

thermal engine SPS 

LEO CONSTRUCTION 


ITEM COST 

(MILLIONS) 

LEO BASE 

Facility 4,670 

Facility Wrap 2. IBS 

Equi patent 2.93C 

Equipatent Wrap 1,370 


GEO BASE 

Facility 600 
Facility Wrap 280 
Equipiaent 250 
Equipment Wrap 115 


LEO BASE TRANSPORT 995 


GEO BASE TRANSPORT 207 


AMORTIZED OVER 

COST/SPS 

(MILLIONS) 

25 Years 

187 

25 Years 

87 

8 Years 

366 

8 Years 

171 


25 Years 

24 

25 Years 

11 

8 Years 

31 

8 Years 

14 

15 Years 

66 

15 Years 

14 


971 
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TABLE 24 

T/E CONSTRUCTION BASE COST SUMMARY 
FIRST SET 

(Dollars in Millions) 


LEO BASE 

FACILITY 

CONSTRUCTION & SUPPORT EQUIPMENT 
WRAP-AROUND 

GEO BASE 

FACILITY 

CONSTRUCTION & SUPPORT EQUIPMENT 
WRAP-AROUND 


(11,155) 


4,670 

2,930 

3,555 

( 1.245) 

600 

250 

395 

(S12.400M) 
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TABLE 24 (continued) 
TFU COST SliMARV 
T/E LEO CONSTRUCTIOII BASE 


FACILITY 

FOUNDATION 400 
CREH MODULES 3.600 
CARGO HANOLING/DISTRIBU^'ON 470 
BASE SUBSYSTLMS 200 
MAINTENANCE PRQYISIONS 

CONSTRUCTION AND SUPPORT EQUIPMENT 

STRUCTURE ASSBttLY 1,420 
ENERGY COLLECTION 280 
ENERGY CONVERSION 250 
POUER DISTRIBUTION 190 
SUBARRAY INSTALUTIQN 90 
CRAICS/MANIPUUTORS 600 
INDEXERS 90 


BASIC HAROMRE 
SPARES (1SS) 

INSTALLATION. ASSEMBLY C/0 (16S) 
SEAI (7S) 

PROJECT MANAGEMENT (2X) 

SYSTEMS TEST (3«) 

GSE (42) 

TOTAL 


$ 10 ^ 

( 4.670) 


( 2.920} 


7,590 

M35 

1,210 

530 

150 

225 

305 

$11,145 M 
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TABLE 25 

T/E CONSTRUCTION BASE MASS SUWttRY 

no^itg) 


LEO CONSTRUCTKM BASE 

FACILITY 7,615 
CONSTRUCTION AND SUPPORT EQUlPNENT 94S 
CONSUrnSLES [J> 400 

GEO FINAL ASSEMBLY BASE 

FACILITY 690 
CONSTRUCTION AND SUPPORT EQUIPMENT 130 
CONSUMABLES [J>. 30 


TOTAL 



90 0«ys 


( 8.960) 


( 850) 


9.810 
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Tabic 2S (continued) 
T/E mss SIHKIRY 

LEO COWSTRUCTIOII USl 


Fwim 


FOUeATION 

4,000 

CREM MOOIA.es 

2,600 

CARGO HAN0LIN6/0I0TRCK 

515 

BASE SUBSYSTEMS 

400 

MAINTENANCE PROVISION 

100 


lO^Ko 

(7,615) 


COWSTISlCnOII MO SUPPORT EQUIWBIT 

STRUCTME ASSEMBLY 500 

CICilGY COLLECTION INSTALLATION 75 

POUEN OISTRIBUTI^jN INSTALUTION 70 

SUBARRAY INSTALUTION 30 

CRANES/MANIPULATORS 240 

INOEXt^S 30 

total dry 


( 945) 


8,560 


CONSUMABLES (90 Days) 


400 
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Tible 25 (continued) 
T/E HASS StMMRV 


GEO FINAL ASSEMBLY BASE 


FACILITY 


FOUNDATION 

390 

CREW NOfX&ES 

220 

CARGO MNDLING/OISTRIBUTATION 

60 

BASE SUBSYSTEMS 

20 

MAINTENANCE PROVISIONS 

- 

CONSTRUCTION A SUPPORT EqUIPHEKT 


CRANES/fMNIPUUTORS 

35 

DOCKING CRANES 

60 

INOOERS 

35 

HAROMARE TOTAL 
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TABLE 26 

NUMBERS OF FH6HTS AND COSTS SUWARY 
HLLV COST/FLT * 67.56 X (ANNUAL RATE) >.2715 


1 SR/Vft 
lEO TEO 


COST 


“TrSRTf? — 

ar ~U 5 


1. T/E HAROUARE 

0 Mass Is 80»170 Tons 
0 HLLV Payload ts 391 Tons 
0 10S for PacUg 1 n 9 



225 Flights 

. CEO t era 

3.098 

2.468 

2,126 

1.694 


Expendable ShrtMids 

802 

m 

401 

401 

2 . 

ORBIT TRANSFER SYSTEM 






as P/V 35 Flights 
(LEO) 

482 


330 


3. 

OTV*S 225 Flights 






Itears Out 4.5 Vehicles 
4.5 Flights (6E0) 


49 


34 

4. 

PROPaLANT FOR OTS 






Sane as P/V 






78 Flights LEO 

1,074 


737 


5. 

PROPaLANT FOR QTV'S 






Sane Rationale as P/V 






538 Flights (GEO) 


5.902 


4.051 

6. 

OTV CARGO 

(0) 

(900) 

(0) 

(518) 


(OTV Cost/Flight) 






225 Flights (GEO) 

0 

900 

0 

518 

7. 

CREW ROTATION AND RESURaY 






Shuttle ($12M/F]t, 
1 SPS/Yr 

00 

528 




Advanced Shuttle (S5M/ 
Flight, 4 SPS/Yr) 



220 

220 


44 Flights/SPS 
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Table 26 

(continued) 

COST 





1 


4 iPS/Yi 

r 



LEO 

GEO 

LEO 


7. (Continued) 






ra.LV - Supplies 
7 nights LEO 
6 nights GEO 


96 

66 

66 

45 

W.LV - Tanker 
5 (LEO) 

36 (GEO) 


69 

395 

47 

271 

OTY - 18 Flights 
4 Flints 

GEO 

LEO 

16 

72 

28 

41 

OTS Hardware 
(Refer to P/V) 


(1,260) 


( 723) 


TOTAL ra.LV FLIGHTS 


350 

809 

1,400 

3,236 

00LLAR/FLI6HT 


13.77 

10.97 

9.45 

7.53 
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TABLE 27 

GROVTH CALCULATION 


Growth is Affiled to: 

SPS 

Cwistnictlon/Space Support 
Space Transportation 
Pro Rata Share of Interest 
During Construction 


1 SPS/YR 4 SPS/YR 



LEO 

GEO 

LEO 

GEO 

SPS 

7.987 

>.987 

5.284 

S.284 

^structlm/Space Support 

1.716 

1.768 

1,716 

1,768 

Space Transportation 

7.425 

11.182 

4,678 

7,275 

Pro Rata IDC 

1.642 

1.289 

905 

716 

SUBTOTAL 

18.770 

22,226 

12,583 

15.043 

Mass Growth 

20* 

20S 

I/I 

7.5t 

Cost Growth Equiv. 

15.7S 

15. 7X 

6t 

5$ 

Cost Growth Amount 

2.946 

3,489 

755 

903 
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3.4 NONRECURRING COST 


An estimate was made of the nonrecurring costs required to construct the fust SPS. In order to 
acctmiploh this estimate, it was necessary to invoke certain programmatic assumptions. These do 
not represent cmiclusions or recommendations as to how an SPS program should be conducted. 
There are of course many possible program options: no systematic analysis and comparison has been 
conducted. Tne assumptions for ntmrecurnng cost were; 

o After a techmriogy verification program, invoivii^ ground and tli^t programs but no new 
space vehicles, development of the 10.000 megawatt SPS. and its associated systems begins. 

o The production capacity initially developed is sized for a production rate of one SPS per year. 

Table 3.4>l presents the principal elements of the nonrecurring estimate, and the sources of data. 


Table 3.4-1 

Total Costs Thrm^ #1 SPS 
(Photovoltaic System! 


Item 

Cost 

(BiUionsI 

Source/ Rationale 

Technical Verification 

3.0 

Ground + Flight Verification Program summarized in 
Volume II Draft 

Energy Conversion DDTAE 

1.9 

p. I21. this volume PCM DDT&E total 

Power Transmission DOT&E 

1. 24 

p. 1 2’. this volume PCM DDT&E total 

Power Receiver DDT&E 

0.25 

ROM estimate for diode dipole tiller assemblies and 
field tests 

SPS Freighter & Tanker Devei. 

8.0 

Part I Vol. 5. pp. 31.4"’. .>0. Sum of DDT&E totals 

Crew OTV 

l.O 

Part 1. V.>l. 5 with allowance for crew cab 

SPS Orbit Transfer System 

1. 43 

Vol. 0 Draft, p. Ibl. PCM DDT&E total 

Construction Base 

6.d 

Ba.sed on JSC estimate 

SPS Hardware Production 
Facilities 

1 0.2 

Solar Blankets 5.0 
Klystrons 1.5 

Structures 1.2 

Another 2 5 

SPS Freighter Production 

0.^0 

3x Boeing '^4" Plant at Everett. Wash. 

Launch Facilities .it KSC 

4.0 

Extrapolation of Part 1. Vol. 5. p. 14') to 500 tits yr 

#l Construction Base 

8.8 

V'ol. 0 Draft p. 145. plus transport cost 



Table 3.4-1 (ContHMied) 



Cost 

Item 

(Billioiisl 

Initial Fleet 

7.4 

#1 SPS 

28-8 

Sum 

85.62 


Source/Rationale 

10 boosters and 1 1 U|>per stages to support 500 flts/yr 
As follows: 


till SP$/yr without growth and 


interest 

19.442 

(21 Deduct following amortizations: 


Solar blanket plant 

.60 

Structures plant 

.02 

Klystron plant 

12 

Rectenna factory 

.25 

Constr. base 

.5% 

Transp. fleet 

1.500 

i5l Results 

16.506 

(4l Add growth 

2.894 

(5) Result 

19.200 

(61 -Add 5(yr for prototype factor: 

28.800 
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4.0 UNCERTAINTY ANALYSIS DATA PACKAGE 
4.1 APPROACH AND SUM.M ARY 

An important objective of the SPS systems study was to make the best possible estimates of uncer- 
tainty in size, mass and costs, for the SPS systems characterized. The methodology employed was 
newly devek>ped for the study and included the principal steps indicated in Figure 4-1. The basis 
for die uncertainty analyses was itemized estimates in the uncertainties of component performance, 
masses, and cost. A typical example would be the uncertainty' in solar cell efTickncy and degrada- 
tion. This is an example of the case where correlation exists between the two fetors; i.e.. mote 
efficient cells tend to experience somewhat greater degradation because the greater efficiency tends 
to be ^ociated with greater thickness and experimental data indicate thicker cells degrade more. 

In devek>ph>» I'.f statistics in size, mass and cost, these kinds of correlations were taken into 
account tlirou^i of a bivariate normal distribution probability model. 

Also providing input aaia to the uncertainty analyses was a conventional mass property analyses for 
the systems with estimated uncertainties iii -aich factors as structural crippling criteria, solar cell 
thickness, and turbomachinery' unit masses. Additional uncertainties were developed in system 
costs, such as uncertainty in solar call cost per unit area and uncertainties in machinery' costs. These 
uncenainties were coupled with the cost analyses discussed later ro prepare the cost statistics. Size 
statistics and mass statistics were combined to develop a joint mass size uncertainty estimate and 
mass statistics and cost statistics were combined to generate combined cost/mass uncertainties. The 
bivariate normal distribution model was used to statistically combine the uncertainties, with recog- 
nition of correlations between component uncertainties where significant correlations were deter- 
mined to exist. 

The uncertainty analysis, in addition to estimating uncert.iinties. produced the une.xpectcd result of 
predicting mass growth equivalent to that predicted by iiislorica! correlations. It had been believed 
that mass growth was the result of unpredictable variables, e.g.. clianges in program requirements. 
The outcome of this uncertainty analysis suggests that growth is more predictable than fomierly 
believed and in fact results largely from the natural tendency to set point design parameters on the 
optimistic side of the actual uncertainty range. 

Figure 4-2 compares the statistically-derived result for the photovoltaic SPS with the worst-on-vvorst 
and best-on-best results defined by combining all the most optimistic component uncertainties and 
all the most pessimistic component performances. As increased detail is developed in this kind of 
analysis, the worst-on-worst and best-on-best extremes will continue to become further apart, while 
the statistical uncertainties will tend to change little and will approach a representation of true 
uncertainties. Significantly, the reference point design was outside the projected 3 sigma range for 
mass and size. This resulted primarily because the efficiency chain assigned to the reference design 
was more optimistic than the most probable efficiency chain defined by the statistical analyses. 
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ORIGINAL PAGE 16 
OP POOR QUAUTY 


COMMMENT 

UNCERTAMTIES 



FIGURE 4-1 UNCERTAINTY ANALYSIS METHODOLOGY 



FIGURE 4-2 PHOTOVOLTAIC SPS MASS/SIZE UNCERTAINTY ANALYSIS RESULTS 
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Presented in Figure 4-3 is an uncertainty estimaie for the thermal engine comparable to the previ- 
ous one for the photovoltaic system. Because the technology of the thermal engine system is some- 
what more mature, it would be expected to estimate somewhat less mass growth and that turned 
out to be the case. An additional factor in the reduced mass growth projection is that a signiHcant 
part of the size escalation is associated with the size of the concentrator which is a low-mass compo- 
nent of the thermal engine system. 

With C(»ts included in the uncertainty analyses, it is necessary to discriminate between the 1 SPS 
per year ca« and the 4 per year case. As discussed under cost analyses, for the 4 SPS per year 
c^, an estimate was made that about 60^ of the predicted mass growth could be removed by- 
product improvement. Similarly to the size and mass estimates, the reference design trended 
towards the optimistic side of the median of the cost uncertiinties as shown in Figure 4-4. Conse- 
quently, one sees first a cost escalation at the reference design point and then a further cost growth 
asociated with the mas growth projection. Note the very high correbtioit K-lween cost and mass 
uncertainties. This corre^onds to the iiistorkal indications that cost growth is frequently asso- 
ciated with mass growth, and especiaiiy with the compensation for (or removal oO mass growth in a 
system when perfoimance requirements dictate that mass growth he limited to predetermined 
values. 

The bottom line for an SPS sy-stem is its capability to produce power at an acceptable cost. Tlie 
result shown in Figure 4-5 represents the final result of the costing and uncertainty analyses. Uncer- 
tainties for busbar power costs include the uncertainties in unit costs as well as uncertainties in the 
appropriate capital charge factor to be applied and the plant factor at which the SPS can operate. 
Capital charge factors frisn 1 2-18 percent were considered and the plant factor uncertainty was 
t^en as ‘’0'^90'T at one SPS per year and 85'^-'*5'T for four SPS's per year. Tliese uncertainties 
were statistically combined with the cost uncertainties derived by the cost uncertainty .malyses. 

4.2 COMPONENT .4ND ELEMENT UNCERTAINTIES 

Component and element uncertainties that went into the unccruiniy analysis are tabulated inTables 
4-1 . 4-2 and 4-3. Cost uneertainties at this level were not completed as it was found that uncertain- 
ties in solar cell costs, ground receiver costs, and iransivortation civsts entirely dominated the overall 
cost uncertainties. Of greatest significance are the size mass uncertainty effects on cecits; these are 
included in the overall cost uncertainty data discussed in Section 4.4. 
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BU5BAR POWER COST OF CAPITAL INVESTMENT 
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FIGURE 4-5 PREDICTED BUSSBAR POWER COST & UNCERTAINTIES 
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Table 4-1 Photovoltaic Tracaablllty/Uncartainty Worksheet 
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Table 4-1 Photovoltaic Tracoabi 1 1 ty/UriCortal nty Worksheet (continued) 
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Tab1« 4-1 Photovoltaic Tractablllty/UnctrUInty WorfcthMt (continuad) 
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Table 4-2 Thermal Engine Traceab111ty/Uncerta1nt;y Worktheet 
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Table 4-g Themal Engine Traceability/Uncertainty Worksheet (continued) 
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Table 4-3 M>TS TraceabHlt/ZUncertalnty Worksheet 
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Table 4-3 >f*TS Traceablllty/Uncertalnty Worksheet (continued) 
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4.3 SIZE/MASS UNCERTAINTY ANALYSIS 

The $ize/ma» uncertainty analysis was the first step. It began with analyse of uncertainties in the 
elTickncy chain to determine size uncertainty. 

4 J. I Photovoltaic Size/Masa Uncertainty 

Table I presents the photovoltaic system efticieno’ uncertainty worksheet, including the microwave 
power transmission system. The aggregate values for the MFTS were carried over to the theimal 
engine size/.nass uncertainty analysis. 


240 




ITEM 

NOMINAL 

MINIMUM 

MAXIMUM 

LOG MIN 

LOG MAX 

LOG MEAN 

a 

Correlations 

Summer Solstice Factor 

.9675 

.9675 

.9675 

-.0330 

-.0330 

-.0330 

0 


Cosine Loss (POP) 

.919 

.919 

.919 

-.0845 

-.0845 

-.0845 

0 


Solar Ceil Efficiency 

.173 

.148 

.18 

-1.9105 

-1.7147 

-1.8126 

.0326 

1 -0.6 
' (-.0009076) 

Rodiation Degradation 

.97 

.90 

1.0 

-. 1393 

0 

- .06963 

.0232 

Temperature Degradation 

.954 

.954 

.954 

-.0471 

-.0471 

0.0471 

e 

Cover UV Degradation 

.956 

.956 

1.0 

-.0450 

0 

-.0225 

.00750 


Cell-to-Cell Mismatch 

.9? 

.99 

.99 

-.01005 

-.01005 

-.01035 

0 


Panel Lost Area 

.961 

.961 

.961 

-.0398 

-.0398 

-.0398 

0 


String i^R 
Bus l^R 

.998 

.995 

.999 

-.00501 

-.001 

-.00301 

.00067 


.934 

,91 

.961 

-.0943 

-.0398 

-.0670 

.0091 


Rotary Joint 

1.0 


1.0 

0 


0 



Antenna Power DJstr 

.97 

.95 

.98 

-.0513 

-.0202 

-.0357 



DC-RF Conversion 

.85 

.80 

.86 

-.223 

-. 1508 

-. 1870 



VVoveguide 

.985 

.985 

.935 

-.0151 

-.0151 

-.0151 



ideal Beam 

.965 

.965 

.99 

-.0356 

-.0100 


■BiHlfiflBii 


Infer-Suborray Errors 

.956 

.88 

.97 

-.1278 

-.0305 

msnM 

.0162 

*4) 3 

Intro-Subarray Errors 

.981 

.97 

.99 

-.0304 

-.010 


.0034 

(-.0303366) 

Atmosphere Absoip. 

.98 

.93 

.98 

-.0202 

-.0202 

-.0202 

0 

Intercept Efficiency 

.95 

.90 

.98 

-. 1054 

-.0202 

-.0623 

.0142 - 

J-«-5 

Rectenrui RF-DC 

.848 

.79 

.92 

-.2357 

-.0834 

-. 1596 

.0254 

Grid Interfacing 

.97 

.96 

.98 

-.0408 

-.0202 

-.0305 

.0034 

(-.0000361) 

Products/Sums 
Sizes (Km^ 

.0679 

108.8 

.0383 

193 

.095 

77.8 



-2.822 

Sum Q ■■ 
.00306 



3 a Max » exp (-2.822* 3x.042) ■ .0675 size - I0V.5 H “ *0595 size « 124.0 

30 Min a exp (-2.822 - 3x.042) ■■ .0524 size *• 141 .0 Correlation prud turn " -.(K)131 

Neta-/00306-.03I3l -.042 


D 


I 

i 















Dl 80-228764 


Variation uf Satellite Weight with Amy PUnform Area 

The results of a study to determine the variation of satellite weight with array planform area are 
presented in Figure 4-1. Weight statements, scaling parameters, and scale factors are presented in 
Table 4-1 for the total satellite, with the detail data for the MPTS being presented in Table 4-'. 

As indicated in Table 4-1. the satellite primary structure weight has been scaled directly propor- 
tional to structural planform area. The validity of using this scale factor has been verined by analy- 
sis. Pertinent data is included in Appendices F. G. and H. 
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Effect of Totet a wces oa Wet^t of Refeience Confiimtioa 

The results of a sluJy to determine the effect of tolerances on the weifht of the reference configu- 
ration arc presented in Figure 5-1 . A weight tolerances worksheet for the reference con Tguraiion is 
presented in Table 5-1 . Note that the tolerances which are the major drivers arc those associated 
with the solar cell blankets, the MPTS. and the primary structure. 

A wc.giit tolerances worksheet for the solar cell blankets is ptvsent»i in Table S-2. 

A we^it toterances workshec i for the MPTS is presented in Table 5-3. Details of the tolerances for 
the combination of DC-DC converters and thennal cvwitrol are given in Table 5-4. 

A wei^t tolerances woricsiieet for the primars stnicture is presented in Table 5-5. SupprMing data 
inchale Jie following: Figure 5-2. which gives the variation of structure we^t with array unit 
w ei^t; Figure 5-.5. which ^ves the variation of structure weight .cith antenna we^t: Figure 5-4. 
w hich presents the effect of uncertainty in crippling coefficfem on the ^ing of a 20 meter long 
tapered luK* of graphite c|Xixy ; and Table 5-6, which presents a w ei^U distributimt for the primary' 
structure with particular emplu^ on the amount of graphite/epoxy 4 tubing) and hardware ttube 
center joints, tube end fillings, and strut interconnect fittings) comprising beam wei^t. 
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CRIPPUNC COEFFiaENT UNCERTAINTY FOR SPS CRAPHITE/EPOXY TUBES 

F^ure I-i presents a crippling coefficient comparison between the 9*S composite tube and metal 
tubes. Curve is an empirical curve for metal tubes, per NACA TN 3783. Curves and are 
recommended design curves from a Boeing design manual for the Minuteman program. The posi* 
tions of curves and relative to curve reflect the degradation of allowable stresses asso- 
ciated with high probabilities (at hi^ confidence levels) of no stni:miral failure. As such, the 
degradation is a measure of the impact of sli^t structural imperfections on crippling of thin walled 
tubes. Curve is the empirical curve for the SPS composite tube, and is reflected in the tube 
sizing data of .appendix A. This curve was developed using the Boeing design manual equations 
shown. Curve is the result of applyii^ these equations to some typical metals. (7075 aluminum, 
1 8-8 stainless steel, and incmiel were considered. The scatter in crippling coefficient with metal 
type was negligible. I The close correlation between curve and cune suggests that, when 
sufficient test data is av ailable. s«ne degradation will occur in the crippling coefficient to be used 
for design of actual hardware. 

Figure 1-2 presents crippling coefficient curves for the S*S composite tube. Curve is the 
nominal curve (designated as curve in Figure I-l ). Curve reflects the possibility (Convair 
position 1 that the sliear modulus has an effective value twice as large as the current predicted 
value of 0.6 X 10 psi. Curve reflects the assumption that ‘A‘ allow'ables for point design of 
composite tubes will have the same position relative to nominal values as do ‘B' allowables for 
general design of metal tubes. Curv e is an approxir lation to the nominal curve for R/t values 
between 150 and 1500. Curve is the recommended upper uncertainty curve. It reflects the use 
of a tw io. larger shear modulus and. in addition, allows for a more optimum tube definition. Curve 
is the recommended lower uncertainty curve. It allows for some margin of error in the location 
of the curve corresponding to ’A' allowables. 
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4.3.2 Thennal Engine Size/Mass Uncertainty 

The thermal engine size uncertainty analysis was conducted similarly to the photovoltaic system. 
The efficiency chain worksheet is shown in Table 4.3.2-1 . 

The thermal engine size/mass uncertainty analysis employed a parametric method. This method 
was also applied to the photovoltaic system and agreed with the more detailed mass estimator’s 
result within 1%. The parametric method worksheet is shown in Table 4.3.2-2. 
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TABLE 4. 3.2-1 

THERMAL ENGINE EFFICIENCY CHAIN 


ITEM NOMINAL 

CONCENTRATOR .877 

REFLECT OEGR 1.0 

CPC . 865 

CAVITY OPTICAL .950 
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.0628 
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LOG MIN 
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.917 
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-.0683 
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-.010 

-.003 

.189 

.200 

-1 . 666 

-1 .609 

.984 

.986 

-.0161 

-.0141 

.944 

.98 

-.0576 

-.0202 

.93 
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-.0753 

-.0408 

.412 

.683 

-.8853 

-.3806 

.027 

.095 

-3.6143 

-2.3525 
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